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JOSEPH A. GRZYBOWSKI
A B STRACT.--M id-win ter  p o p u l a t i o n s  o f  o p e n - g r a s s l a n d  b i r d s  were  
ex am in ed  a t  20 s i t e s  o f  v a r i e d  g r a z i n g  p r e s s u r e  and  
c u l t i v a t i o n  p r a c t i c e s  i n  Oklahoma an d  T e x a s  f rom  December 1975 
t h r o u g h  J a n u a r y  1979.  The number  o f  n o n - r a p t o r i a l  b i r d  
s p e c i e s  o b s e r v e d  on a l l  s i t e s  was 2 3 .  Of t h e s e ,  o n ly  14 were 
p r e s e n t  on more t h a n  2 o f  53 c e n s u s e s .  E x c e p t  f o r  t h e  
m e ad o w la rk s  and  S p r a g u e ’ s  P i p i t ,  t h e s e  s p e c i e s  a r e  
g r a n i v o r o u s .  R e g i o n a l  d i s t i n c t i o n s  i n  s p e c i e s  c o m p o s i t i o n  o f  
1 0 - d e g r e a  l a t i t u d e - l o n g i t u d e  b l o c k s  o c c u r  a l o n g  n o r t h - s o u t h  
and  e a s t - w e s t  a x e s  i n  t h e  s o u t h - c e n t r a l  U n i t e d  S t a t e s .
A c l u s t e r  a n a l y s i s  o f  s i t e s  g r o u p e d  them p r i m a r i l y  on t h e  
b a s i s  o f  t h e i r  most  a b u n d a n t  s p e c i e s .  S i m i l a r  g r a z i n g  
t r e a t m e n t s  were g e n e r a l l y  p l a c e d  i n t o  t h e  same c l u s t e r .  
However ,  m o d e r a t e l y  g r a z e d  g r a s s l a n d  s i t e s  i n  Oklahoma were  
d i v i d e d  b e tw e en  two c l u s t e r s  d o m i n a t e d  by s p e c i e s  o f  e i t h e r  
h e a v i l y  o r  l i g h t l y  g r a z e d  g r a s s l a n d s .
The h i g h e s t  e s t i m a t e s  o f  b i r d  b io m a s s  were o b t a i n e d  on 
n o r t h e r n  Oklahoma and  s o u t h e r n  Texas  s i t e s .  B io m ass  e s t i m a t e s  
were  h i g h e r  on h e a v i l y  g r a z e d  t h a n  l i g h t l y  g r a z e d  g r a s s l a n d s  
i n  Oklahoma and w e s t e r n  T e x a s .  I n  c o n t r a s t ,  m o d e r a t e l y  g r a z e d  
g r a s s l a n d s  i n  s o u t h e r n  T e x a s  s u p p o r t e d  s i g n i f i c a n t l y  more b i r d  
b io m ass  t h a n  h e a v i l y  g r a z e d  s i t e s .  T o t a l  g r a n i v o r e  b io m a s s  
was c o r r e l a t e d  w i th  s e e d  a b u n d a n c e  ( r = 0 . 7 8 ) .
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Annual c h a n g e s  i n  b i r d  b i o m a s s  w ere  g e n e r a l l y  c o n s i s t e n t  
among t r e a t m e n t s  (and a l s o  s p e c i e s )  i n  c e n t r a l  Oklahoma,  The 
y e a r  1976 was a d r o u g h t  y e a r  and  f e w e r  b i r d s  were p r e s e n t  t h e  
w i n t e r  o f  19 7 6 -7 7  t h a n  i n  o t h e r  w i n t e r s .  R e d u c t i o n s  i n  
S av a n n a h  S p a r ro w s  and  i n c r e a s e s  o f  Smith*  s  Long s p u r s  
a c c o m p a n ie d  t h e  c o l d e s t  w i n t e r  (1978-79 )  w i th  u n u s u a l l y  h i g h  
s n o w f a l l .  The h i g h e s t  p o p u l a t i o n  e s t i m a t e s  i n  s o u t h e r n  T e x a s  
o c c u r r e d  i n  t h e  y e a r  o f  r e c o r d  r a i n f a l l  ( 1 9 7 6 - 7 7 ) ,
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[INTRODUCTION]
I n t e n s i v e  s t u d i e s  o f  p o p u l a t i o n  d y n a m i c s  and t h e  r o l e  o f  b i r d s  
a s  c o n s u m e r s  i n  g r a s s l a n d  e c o s y s t e m s  h a v e  b e en  c o n d u c t e d  
d u r i n g  t h e  b r e e d i n g  s e a s o n  ( A l l e n  1938,  A l l e n  and  Sime 1939,  
Mickey 1939,  1 9 4 0 ,  1941 ,  M i t c h e l l  1 9 6 1 ,  F i n z e l  1 9 6 4 ,  Zimmerman 
1 9 6 5 ,  1 9 6 6 ,  1 9 6 7 ,  S p i e r s  and O r e n s t i e n  1967,  F i e s t  1968 ,  Owens 
an d  H y res  1973,  Wiens  1973 ,  1 9 7 4 a ,  1 9 7 4 b ,  R a i t t  and Pimm 
1 9 7 6 ) ,  D e t a i l e d  a n a l y s e s  o f  g r a s s l a n d  b i r d  p o p u l a t i o n s  a t  
o t h e r  s e a s o n s ,  h o w e v e r ,  a r e  l i m i t e d  i n  s c o p e  (Quay 1947 ,
F i n z e l  1964 ,  W e b s t e r  1 9 6 4 ,  Emlen 1 9 7 2 ,  R a i t t  an d  Pimm 1976) 
a n d  some a r e  r e s t r i c t e d  t o  c o u n t s  o f  b i r d s  f rom  roadw ay  r o u t e s  
(Wiens e t  a l .  1972 ,  1974 ,  R i s  s e  r  1 9 8 0 ) .  As Wiens (1974a)  and  
Wiens  an d  Dyer (1975) i n d i c a t e d ,  we a r e  h a m p e re d  i n  o u r  
a n a l y s i s  o f  g r a s s l a n d  b i r d  c o m m u n i t i e s  by t h e  n e a r l y  t o t a l  
l a c k  o f  q u a n t i t a t i v e  p o p u l a t i o n  s t u d i e s  c o n d u c t e d  d u r i n g  n o n ­
b r e e d i n g  p e r i o d s .  T h i s  i s  u n f o r t u n a t e ,  s i n c e  m o s t  t e m p e r a t e  
p a s s e r i n e s  s p e n d  o n l y  a few m o n th s  a y e a r  i n  b r e e d i n g  
a c t i v i t i e s ,  and many l e a v e  t h e i r  b r e e d i n g  g r o u n d s  i m m e d i a t e l y  
a f t e r  n e s t i n g .  Much o f  t h e  s t r u c t u r e  o f  b r e e d i n g  a v i f a u n a s  
may be d e t e r m i n e d  by w i n t e r  r e s o u r c e s  ( F r e t w e l l  1972, P u l l i a m  
an d  E n d e r s  1971 ,  Wiens 1 9 7 4 a ,  R a i t t  and  Pimm 1976) and  by 
c l i m a t i c  f a c t o r s  i n f l u e n c i n g  b i r d s  d u r i n g  t h e  w i n t e r .
In  t e m p e r a t e  g r a s s l a n d s ,  t h e  w i n t e r  s e a s o n  d i f f e r s  f rom 
t h e  b r e e d i n g  s e a s o n  i n  s e v e r a l  i m p o r t a n t  ways f o r  g r a s s l a n d  
b i r d s .  Many s p e c i e s  o cc u p y  d i f f e r e n t  g e o g r a p h i c a l  r a n g e s ,  a r e  
s u b j e c t e d  t o  d i f f e r e n t  c l i m a t i c  c o n d i t i o n s  ( o f t e n  more s e v e r e  
i n  w i n t e r ) , and u t i l i z e  d i f f e r e n t  f o o d  r e s o u r c e s .  S o c i a l
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a s s o c i a t i o n s  may v a r y  w i t h  s e a s o n ;  f o r  e x a m p l e ,  s p e c i e s  which  
a r e  t e r r i t o r i a l  d u r i n g  t h e  b r e e d i n g  s e a s o n  may form i n t o  
f l o c k s  o r  become s o l i t a r y  when n o t  b r e e d i n g .
The r e s o u r c e s  f o r  many t e m p e r a t e  p a s s e r i n e  s p e c i e s  d u r i n g  
w i n t e r  c o n s i s t  p r i m a r i l y  o f  s e e d s ,  w h ich  c a n  be q u i t e  a b u n d a n t  
( J o h n s t o n  and Odum 1956) ; t h e  a b u n d a n c e  o f  s e e d  r e s o u r c e s  i s  
e s t a b l i s h e d  a t  t h e  t i m e  o f  t h e  f i r s t  f r o s t ,  and  d e c r e a s e s  a s  
t h e  s e a s o n  p r o g r e s s e s .  The d a y s  a r e  s h o r t e r  i n  w i n t e r  and  
a f f o r d  l e s s  t i m e  f o r  a l l  a c t i v i t i e s .  C o m p e t i t i o n  may be 
h e i g h t e n e d  by i n c r e a s e d  o v e r l a p  i n  r a n g e s  (o f  many s p e c i e s ) , 
and  by t h e  i n i t i a l  h i g h  p o s t b r e e d i n g  p o p u l a t i o n  l e v e l s  w h ich  
i n c l u d e  many young  b i r d s .
G r a s s l a n d s  can  u n d e r g o  r a d i c a l  c h a n g e s  f ro m  y e a r  t o  
y e a r ,  a s  w e l l  a s  t h r o u g h  t h e  same s e a s o n .  C l i m a t i c  
i n s t a b i l i t y  can  c r e a t e  p e r t u r b a t i o n s  i n  p r o d u c t i v i t y  and  p l a n t  
s p e c i e s  c o m p o s i t i o n  ( A l b e r t s o n  and W eaver  1944) and  t h u s  a l t e r  
p h y s io g n o m i c  s t r u c t u r e .  P r o d u c t i v i t y  i s  r e d u c e d  in  a r i d ,  d r y  
y e a r s  com pared  t o  n o r m a l  and  w e t  y e a r s  (Weaver and  A l b e r t s o n  
1940 ,  1 9 5 6 ) ,  a n d  x e r i c  c o n d i t i o n s  c a n  f u r t h e r  a f f e c t  
g r a s s l a n d s  by i n t e n s i f y i n g  g r a z i n g  p r e s s u r e .  F u r t h e r m o r e ,  a 
s u b s t a n t i a l  p e r c e n t a g e  o f  t h e  g r a s s l a n d s  i n  t h e  G r e a t  P l a i n s  
a r e  u t i l i z e d  t o  p r o d u c e  v a r i o u s  c r o p  m o n o c u l t u r e s .
A g r i c u l t u r a l  p r a c t i c e s  c a n  c o m p l e t e l y  c h a n g e  t h e  n a t u r e  o f  a 
g r a s s l a n d  s i t e  i n  a s h o r t  p e r i o d .
T h i s  p a p e r  i s  one  o f  a s e r i e s  (G rz y b o w s k i  1976,  1980a ,  b) 
d e a l i n g  w i t h  r e s o u r c e  u t i l i z a t i o n  a n d  p o p u l a t i o n  s t r u c t u r e  i n  
g r a s s l a n d  b i r d  c o m m u n i t i e s  d u r i n g  t h e  w i n t e r .  The p u r p o s e s  o f
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t h i s  s t u d y  a r e  t o :  (1) d e t e r m i n e  t h e  a b u n d a n c e  and 
d i s t r i b u t i o n  o f  g r a s s l a n d  b i r d  s p e c i e s  d u r i n g  w i n t e r  i n  
s e v e r a l  r e g i o n s  o f  Oklahoma a n d  T e x a s  ; (2) e v a l u a t e  p a t t e r n s  
o f  a v i a n  p o p u l a t i o n  s t r u c t u r e  on g r a s s l a n d  s i t e s  w i th  v a r i e d  
g r a z i n g  p r e s s u r e  o r  c u l t i v a t i o n  p r a c t i c e s  w i t h i n  and among 
r e g i o n s ;  (3) a s s e s s  a n n u a l  v a r i a t i o n  in  g r a s s l a n d  b i r d  
p o p u l a t i o n s ;  a n d  (4) e v a l u a t e  t h e  r e l a t i o n  o f  o b s e r v e d  
p a t t e r n s  i n  b i r d  a b u n d a n c e  t o  v a r i o u s  f a c t o r s  which may 
i n f l u e n c e  them ,
MET HODS
P o p u l a t i o n  e s t i m a t e s  were made a t  20 s i t e s  i n  Oklahoma and  
T e x a s  f rom  December 1975 t h r o u g h  J a n u a r y  1979 ,  The se  s i t e s  
i n c l u d e d  2 i n  n o r t h e r n  Oklahoma (N ob le  and Pawnee c o u n t i e s ) ,
10 i n  c e n t r a l  Oklahoma ( C l e v e l a n d ,  Grady  and M cCla in  c o u n t i e s ;  
T a b l e  1) , 4 i n  w e s t e r n  T e x a s  (M uleshoe  N a t i o n a l  W i l d l i f e  
R e f u g e ,  B a i l e y  C o u n t y ) ,  and  4 on t h e  Rob and B e s s i e  Welder  
W i l d l i f e  R e fu g e  (San P a t r i c i o  County)  i n  s o u t h e r n  c o a s t a l  
T e x a s  ( F i g ,  1 ) ,  S i t e s  w ere  s e l e c t e d  on t h e  b a s i s  o f  t h e i r
u n i f o r m i t y ,  a b s e n c e  o f  t r e e s  o r  s h r u b s ,  and  l a r g e  s i z e
( p e r m i t t i n g  a d e q u a t e  s a m p l i n g  and  m in im a l  edge  e f f e c t  
i n v o l v i n g  o t h e r  h a b i t a t s ) , The s i z e  o f  t h e  s i t e s  r a n g e d  from
a b o u t  30 ha on t h e  s m a l l e s t  i n  s o u t h e r n  T e x a s  t o  g r e a t e r  t h a n
100 h a .  About 5% s h r u b  c o v e r  o c c u r r e d  on two o f  t h e  f o u r  
s o u t h e r n  T e x a s  s i t e s .  O t h e r w i s e  t r e e  and  s h r u b  c o v e r  was 
a b s e n t  o r  c o m p r i s e d  l e s s  t h a n  0 , 5 %  c o v e r .  I n  m os t  c a s e s ,  t h i s  
c o v e r  c o n s i s t e d  o f  i s o l a t e d  i n d i v i d u a l  p l a n t s  n e v e r  e x c e e d i n g
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3 m i n  h e i g h t .
S i t e s  were c l a s s i f i e d  on t h e  b a s i s  o f  g r a z i n g  p r e s s u r e  o r  
c u l t i v a t i o n .  A s i t e  was c o n s i d e r e d  a l i g h t l y  g r a z e d  g r a s s l a n d  
(LG) when t h e  d o m i n a n t  p a l a t a b l e  g r a s s e s  had u n i f o r m l y  grown 
t o  h e i g h t s  a p p r o a c h i n g  t h e i r  maximum p o t e n t i a l  h e i g h t  ( F i g .
2 A ) . When t h e s e  d o m in a n t  g r a s s e s  o c c u r r e d  i n  d i s t i n c t  c l u m p s ,  
t h e  s i t e  was c o n s i d e r e d  a m o d e r a t e l y  g r a z e d  g r a s s l a n d  (MG;
F i g .  2 B ) . When t h e  d o m i n a n t  p a l a t a b l e  g r a s s e s  t y p i c a l  o f  t h e  
r e g i o n  were a b s e n t  o r  p r e s e n t  o n l y  i n  w i d e l y  s c a t t e r e d  c l u m p s ,  
a n d / o r  g r a z e d  t o  n e a r  g r o u n d  l e v e l ,  t h e  s i t e  was c o n s i d e r e d  a 
h e a v i l y  g r a z e d  g r a s s l a n d  (HG) . The o n l y  c u l t i v a t e d  s i t e s  
e v a l u a t e d  were p l a n t e d  w i th  w i n t e r  w h e a t  ( T r i t i c um a e s t i v u m ) 
i n  c e n t r a l  Oklahoma.  A c u l t i v a t e d  s i t e  l e f t  f a l l o w  f o r  a 
p o r t i o n  o f  t h e  g ro w in g  s e a s o n  was c o n s i d e r e d  a s u c c e s s i o n a l  
g r a s s l a n d  (SG) t h e  f o l l o w i n g  w i n t e r .  A s i t e  i n  w e s t e r n  T e x a s  
(MIX) i n c l u d e d ,  i n  p a r t ,  a p r a i r i e  d og  tow n ,  a n d ,  i n  p a r t ,  a 
LG.
OKLAHOMA SITES
Oklahoma l o c a l i t i e s  a r e  i n  t h e  r e g i o n  c l a s s i f i e d  a s  b l u e s t e m -  
grama p r a i r i e  ( An d r o p o g o n - B ou te  l o u a ) by K u c h l e r  ( 1 9 6 4 ) .  T a b le  
1 i d e n t i f i e s  s i t e s  by l o c a t i o n  and  t r e a t m e n t .  The d o m in a n t  
p a l a t a b l * ?  g r a s s  on t h e  Oklahoma s i t e s  was l i t t l e  b l u e s t e m  
( S c h i z a c h y r ium s c o p a r ium; F i g s .  2A a n d  2B) . I  u sed  t h i s  
s p e c i e s  t o  gauge  g r a z i n g  p r e s s u r e ,  a s  i t  o c c u r s  i n  d e c r e a s i n g  
a b u n d a n c e  f rom LGs t o  HGs (P. G. R i s s e r ,  p e r s .  com m .) .  Forb  
c o v e r ,  p r i m a r i l y  common ragw eed  (Ambr o s i a  a r t e m i s i i f o l i a) and
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b r o o m - s n a k e r o o t  ( G u t i e r r e z i a  s a r o t h r a e ) ,  i n c r e a s e d  from LGs t o  
HGs,
On one LG ( s i t e  l a ;  F i g .  2 A) , b i g  b l u e s t e m  {Andro p o g o n  
g e r a r d i i )  , s w i t c h g r a s s  (P an icum  v i r g a t u rn) ,  and  i n d i a n g r a s s  
{S o r g h a s t r u m nu t a n s ) were  d o m i n a n t  s p e c i e s .  T h e s e  s p e c i e s  a r e  
c o n s i d e r e d  t y p i c a l  o f  p r a i r i e  r e g i o n s  i n  c e n t r a l  (B r u n n e r  
1931 ,  F r i e r  1923) a n d  n o r t h e a s t e r n  Oklahoma (Buck an d  K e l t i n g  
1 9 6 2 ) .  These  d o m i n a n t  g r a s s e s  were p r e s e n t  on s i t e  1b, b u t  
n o t  a s  a b u n d a n t l y  a s  on s i t e  l a .  The d o m i n a n t  g r a s s e s  
a t t a i n e d  h e i g h t s  o f  1 . 5  t o  2 . 0  m on s i t e  l a  (LG),  and  1 .0  t o
1 . 5  ra on s i t e  1b .  F o r b s  were much l e s s  e v i d e n t  i n  LGs, 
o c c u r r i n g  p r i m a r i l y  i n  s h a l l o w  s o i l s  on r o c k  o u t c r o p s ,  a l o n g  
v e h i c l e  t r a c k s ,  and i n  i s o l a t e d  p a t c h e s ,  u s u a l l y  on r i d g e  
t o p s .
As g r a z i n g  p r e s s u r e  i n c r e a s e d ,  p a t c h e s  o f  t h r e e - a w n  
(A r i s t i d a  s p p . ) ,  s i l v e r  b e a r d g r a s s  (Andr o p qgon s a c c h a r o i d e s ) , 
and b r o o m - s n a k e r o o t  a p p e a r e d  and became l a r g e r  and  more i n  
e v i d e n c e .  R i d g e - t o p  a r e a s  a t  some s i t e s ,  c o n s i d e r e d  MGs, 
c o n t a i n e d  l a r g e  p a t c h e s  o f  t h r e e - a w n .  On many o f  t h e  MGs, 
b l u e  grama g r a s s  ( B o u t e l o u a  g r a c i l i s) an d  P a n i c urn s p p ,  were 
a l s o  c o n s p i c u o u s .  One MG ( s i t e  2a) c o n t a i n e d  a l a r g e  p a t c h  
( a b o u t  16 ha) o f  w eep ing  l o v e g r a s s  (E r a g r o s t i s  c u r v u l a ) .
H e i g h t  o f  l i t t l e  b l u e s t e m  on MGs was a b o u t  1 m.
HGs ware d o m i n a t e d  by t h r e e - a w n ,  s i l v e r  b l u e s t e m ,  rag w eed  
and b r o o m - s n a k e r o o t . L i t t l e  b l u e s t e m  was p r e s e n t  i n  o n l y  
s m a l l  i s o l a t e d  c l u m p s ,  o r  i n  s m a l l  p a t c h e s  o f  c lum ped  
i n d i v i d u a l s .  P l a n t s  were  d i m i n u t i v e  i n  s t a t u r e ,  so m e t im e s
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o n l y  10 cm t a l l .  V e g e t a t i o n  h e i g h t s  on HGs w ere  l e s s  t h a n  0 . 5  
m.
C u l t i v a t e d  s i t e s  w hich  I  s e l e c t e d  were s i m i l a r .  On t h r e e  
s i t e s  ( i n  f o u r  o f  t h e  y e a r s  s a m p le d )  c r o p s  o f  so rghum  (Sorghum 
b i c o l o r)  had  p r e c e d e d  t h e  f a l l  p l a n t i n g s  o f  w i n t e r  w h e a t .  
V e g e t a t i o n  h e i g h t  (o r  l i t t e r  d e p t h )  on  c u l t i v a t e d  s i t e s  was 
l e s s  t h a n  5 cm.
V a r i o u s  a m o u n t s  o f  h e t e r o g e n e i t y  w e re  i n e v i t a b l e .
H i l l t o p s  o f t e n  had  p a t c h e s  o f  t h r e e - a w n  i n  what  was o t h e r w i s e  
a MG. A l s o ,  HGs s o m e t i m e s  had  d e n s e  p a t c h e s  o f  l i t t l e  
b l u e s t e m .  T ra m p le d  o r  e r o d e d  p l a c e s ,  o r  a r e a s  o f  e x p o s e d  
r o c k ,  i n t r o d u c e d  h e t e r o g e n e i t y  i n  LGs and  MGs. G u l l e y s ,  which 
d i s s e c t e d  some s i t e s  (and a r e  t y p i c a l  o f  g r a s s l a n d  a r e a s  i n  
t h e  r e g i o n ) , i n t r o d u c e d  f i n g e r s  o f  s c a t t e r e d  b r u s h  (Rhus  s p ,  
and  R o b i n i a  s p . ) .  The a r e a s  o f  t a l l  t r e e s  were  a v o i d e d ,  b u t  
s o m e t i m e s  t h e  p r e s e n c e  o f  s u c h  a r e a s  d e l i m i t e d  a g r a s s l a n d  
s i t e  a n d  r e s t r i c t e d  t r a n s e c t s  t o  r i d g e  l i n e s .  Even t h e  s i t e s  
( 3 a ,  4a an d  4b) w i t h  t h e  l e a s t  r e l i e f  ( i . e . ,  l e s s  t h e n  5 m 
d i f f e r e n c e  i n  e l e v a t i o n  f rom h i g h e s t  t o  l o w e s t  p o i n t s )  had  low 
wet  p o c k e t s  w hich  a d d e d  t o  t h e i r  w i t h i n - s i t e  h e t e r o g e n e i t y .
Few s i t e s  r e m a i n e d  t h e  same from y e a r  t o  y e a r .  G r a z i n g ,  
a g r i c u l t u r a l  p r a c t i c e s ,  and  v a r i a t i o n  i n  r a i n f a l l  c h a n g e d  t h e  
c h a r a c t e r  o f  s e v e r a l  s i t e s  ( T a b le  1) . On s i t e  l a ,  a v e r a g e  
v e g e t a t i o n  h e i g h t  was 5 1 . 5  cm (SD =21 .9 ;  n=264) i n  December  
1975 an d  2 9 . 4  cm (3 0 = 1 7 .6 )  i n  D ecem ber  19 7 6 ;  r e l a t i v e  
v e g e t a t i o n  d e n s i t y  was 5 5 . 5  v e g e t a t i o n  c o n t a c t s  p e r  g r i d -  
s a m p le  (SD =25 .1 ;  G rz y b o w sk i  1980a)  i n  December  1975, and  4 0 .3
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c o n t a c t s  (SD=27.3)  i n  December  1976. D ro u g h t  c o n d i t i o n s  i n  
1976 r e d u c e d  v e g e t a t i o n  h e i g h t  and d e n s i t y  a t  a l l  g r a z e d  s i t e s  
i n  Oklahoma.  F o r  e x a m p l e ,  a v e r a g e  v e g e t a t i o n  h e i g h t  on a HG 
( s i t e  3a) was 2 6 . 2  cm (SD=8.6) i n  Decem ber  1 9 7 5 ,  and  2 2 .1  cm 
(SD=8.5) i n  December  1976;  r e l a t i v e  v e g e t a t i o n  d e n s i t y  was
4 8 . 5  C o n t a c t s  (SD=23.6)  i n  December  1975 and 4 2 . 4  c o n t a c t s  
(SD=20.5) i n  December 1976 ,  Many o f  t h e  c a t t l e  had b e e n  
rem oved  f rom s i t e  3a i n  t h e  f a l l  o f  1975 so  t h a t  t h i s  s i t e  was 
i n  t h e  f i r s t  y e a r  o f  p a r t i a l  r e c o v e r y  i n  1976.  I n  F e b r u a r y  
1977 ,  t h i s  s i t e  was p low ed  and  p l a n t e d  i n  c o t t o n  (Gossyp iu rn  
h e r b a c e u m ) . W h i le  t h e  s t a t u s  a t  s i t e s  2a and  2c (HGs) d i d  n o r  
c h a n g e ,  h e a v i l y  g r a z e d  p a t c h e s  d o m i n a t e d  by t h r e e - a w n  became 
p r o g r e s s i v e l y  l a r g e r  and  more p r o m i n a n t  w i t h  e a c h  p a s s i n g  
yea r .
C u l t i v a t e d  s i t e  4a was p l a n t e d  i n t o  w i n t e r  w h e a t  i n  e a r l y  
November  o f  1 9 7 5 ,  b u t  n o t  u n t i l  e a r l y  J a n u a r y  i n  1977.  I n  
November and December  1976 ,  u n h a r v e s t e d  sorghum was p r e s e n t .  
T h i s  s i t e  was p l a n t e d  i n  c o t t o n  t h e  f o l l o w i n g  y e a r .  A n o t h e r  
c u l t i v a t e d  s i t e  (4b) was p l a n t e d  i n  w i n t e r  w h e a t  i n  1 9 7 6 - 7 7 .
A sorghum  c r o p  had  b e e n  h a r v e s t e d  j u s t  p r i o r  t o  t h i s  p l a n t i n g  
i n  1976.  I n  1 9 7 7 ,  o n e - h a l f  o f  t h e  f i e l d  ( i . e . ,  a q u a r t e r  
s e c t i o n )  was p l a n t e d  i n  m a ize  (Zea m a y s ) , w h i l e  t h e  o t h e r  h a l f  
was l e f t  f a l l o w  a l l o w i n g  J o h n s o n  g r a s s  (Sorghum h a l a p e n s e ) and 
bermuda g r a s s  (Cynodon  da c t y l  o n ) t o  d o m i n a t e .  The v e g e t a t i o n  
s t r u c t u r e  o f  t h e  f a l l o w  p o r t i o n  (a SG) a p p r o a c h e d  t h a t  o f  a 
MG.
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WESTERN TEXAS SITES (MULESHOE NATIONAL WILDLIFE REFUGE)
The s i t e s  i n  w e s t e r n  T e x a s  a r e  l o c a t e d  i n  t h e  g r a a i a - b u f f a l o  
g r a s s  p l a i n s  (B o u t e l o u a - B a c h l o e ) o f  K u c h l e r  ( 1 9 6 4 ) .  Dominant  
g r a s s  s p e c i e s  on LGs were d r o p s e e d  (S p o r o b o l u s  s p . ) ,  b l u e  
g rama and  s i d e - o a t s  g rama (B o u t e l o u a  g r a c i l i s  and  B. 
c u r t i p e n d u l a ) , t o b o s a  g r a s s  ( H i l a r i a  m u t i c a ) , and  h a i r y  
t r i d e n s  (Er i ons u r o n  p i l o sum) , w i t h  v e g e t a t i o n  h e i g h t s  b e i n g  
l e s s  t h a n  0 . 5  m. D om inan t  f o r b s  were b r o o m - s n a k e r o o t  and  
p a i n t - b r u s h  (Cas t i l l e - j a  s p .  ) .  In  t h e  p r a i r i e  dog tow ns  and  on 
HGs, f a l s e  b u f f a l o  g r a s s  (Mu n r o a  s g u a r r o s a ) , t h r e e - a w n ,  and  
t u m b le w e e d  (S a l s o l a  s p .  ) w e re  d o m in a n t  p l a n t  s p e c i e s .  On 
more  a l k a l i n e  s o i l ,  s e a - b l i t e  (Sueda s p . )  was p r e s e n t .
On o ne  LG ( s i t e  5a) i n  w e s t e r n  T e x a s ,  20% o f  t h e  t r a n s e c t  
r o u t e  p a s s e d  t h r o u g h  an  a c t i v e  p r a i r i e  dog t o w n .  T h i s  s i t e  
( a l s o  r e f e r r e d  t o  a s  MIX) was a n a l y z e d  s e p a r a t e l y ,  A s e c o n d  
LG ( s i t e  5b) i n c l u d e d  a p o r t i o n  o f  a p r a i r i e  dog  town which 
had  n o t  b e e n  a c t i v e  s i n c e  1973 ( t h r e e  y e a r s  b e f o r e  t h e  f i r s t  
y e a r  o f  my s t u d y ) , The a b a n d o n e d  p r a i r i e  dog a r e a  was 
c h a r a c t e r i z e d  by s m a l l  p a t c h e s  o f  t h r e e - a w n  and r e m n a n t s  o f  
o l d  b u r r o w s .  B o th  o f  t h e s e  s i t e s  w ere  g r a z e d  o n l y  i n  t h e  
summer. A n o t h e r  s i t e  ( 5 c ) ,  c o n s i d e r e d  a LG, was u n g r a z e d  
b e g i n n i n g  i n  19 76.  A f o u r t h  s i t e  (5d) was h e a v i l y  g r a z e d , 
C a t t l e  were  removed from s i t e  5d i n  1978,  and  t h r e e - a w n  b e g an  
t o  i n v a d e .  Yucca (Yucca g l a u c a ) were p r e s e n t  on a s m a l l  
s e c t i o n  o f  t h i s  s i t e .  V e g e t a t i o n  h e i g h t s  on s i t e  5d and  t h e  
p r a i r i e  dog town ( a t  5a) were g e n e r a l l y  l e s s  t h a n  5 cm.
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SODTHERN TEXAS SITES (WELDER WILDLIFE FOUNDATION)
Weaver and C l e m e n t s  (1938) c h a r a c t e r i z e d  t h e  g r a s s l a n d s  o f  
t h i s  r e g i o n  a s  b e l o n g i n g  t o  A n d ro p o g on s a c c h a r o i d e s - S t i p a  
l e u c o t r i c h a  a s s o c i a t i o n s  t h o u g h  c h a n g e s  t o w a r d s  b r u s h l a n d s  
h a v e  o c c u r r e d  i n  t h e  l a s t  25 y e a r s  (Box and  Chamrod 1966) . 
G r a s s l a n d s  i n  t h i s  r e g i o n  w ere  d o m i n a t e d  by l i t t l e  b l u e  s tem 
and An d r o p o g o n  s p e c i e s .  S w i t c h g r a s s  was a l s o  p r e s e n t  on 
s e v e r a l  s i t e s .
S i t e  6a was m o d e r a t e l y  g r a z e d  a n d  l o c a t e d  on w e l l - d r a i n e d  
s a n d y  s o i l .  V e g e t a t i o n  h e i g h t s  were g e n e r a l l y  b e tw e e n  1 an d  2 
m, b u t  mowed f i r e  b r e a k s  c r o s s e d  t h e  s i t e s .  A s e c o n d  MG ( s i t e  
6b) was t h e  w e t t e s t  o f  my s t u d y  a r e a s  w i t h  s t a n d i n g  w a t e r  i n  
e v i d e n c e  e a c h  y e a r .  V e g e t a t i o n  h e i g h t s  on s i t e  6b wers a b o u t  
0 . 5  t o  1 m. H u i s a c h e  (Aca c i a  f a r n e s i a n a ) was an  i n v a d i n g  
b r u s h  s p e c i e s  which c o v e r e d  a b o u t  5% of  t h e  t o t a l  a r e a  o f  
s i t e s  6b (MG) and 6c  (HG) ,  a n d  was p r e s e n t ,  a l t h o u g h  l e s s  
f r e q u e n t l y ,  a t  a n o t h e r  HG ( s i t e  6d) . H e i g h t s  o f  t h e  b r u s h  
p a t c h e s  were g e n e r a l l y  l e s s  t h a n  1 ra d u r i n g  t h e  1976-77  
w i n t e r ,  bu t  by J a n u a r y  1 9 7 9 ,  some b r u s h  p a t c h e s  e x c e e d e d  2 m 
i n  h e i g h t .  G r a s s  h e i g h t s  on s i t e  6c we re  l e s s  t h a n  0 . 5  m; 
v e g e t a t i o n  h e i g h t s  o f  s i t e  6d w e re  l e s s  t h a n  0 . 5  m.
The im p a c t  o f  g r a z i n g  i n c r e a s e d  on s i t e  6a d u r i n g  my 
s t u d y .  T h i s  s i t e  was l i g h t l y  g r a z e d  i n  1 9 7 6 - 7 7 ,  b u t  was 
m o d e r a t e l y  g r a z e d  i n  1978 and  1979 .  V e g e t a t i o n  h e i g h t s  r a n g e d  
f ro m  1 t o  2 m i n  1976-77  and  b e tw e en  0 . 5  t o  1 .5  m i n  1 9 7 8 -7 9 .  
I n  c o n t r a s t ,  s i t e  6c  was HG i n  1976-77  and  HG i n  J a n u a r y  1978
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and 1979. G r a s s  h e i g h t s  a p p r o a c h e d  1 . 5  m i n  some p a t c h e s  i n  
197 8 - 7 9 .
CENSUS TECHNIQUES
P o p u l a t i o n  e s t i m a t e s ,  i n  most c a s e s ,  a r e  b a s e d  on c o u n t s  made 
a l o n g  t r a n s e c t  r o u t e s  and  c o n v e r t e d  t o  d e n s i t y  v a l u e s  by 
a p p l y i n g  a c o e f f i c i e n t  o f  d e t e c t a b i l i t y  (C.D.)  f o r  e a c h  
s p e c i e s — t h e  p e r c e n t a g e  o f  t h e  t o t a l  p o p u l a t i o n  i n  a s t r i p  o f  
s t a n d a r d  w i d t h  t h a t  i s  d e t e c t e d  (Emlen 1971,  1 9 7 7 ) .  T r a n s e c t  
l i n e s  were w a lked  t h r o u g h  t h e  g r a s s l a n d s  from 0 . 5  t o  U h a f t e r  
s u n r i s e .  The p e r i o d  j u s t  a f t e r  s u n r i s e  was a v o i d e d  b e c a u s e  i t  
a p p e a r e d  t o  be a t i m e  o f  h e i g h t e n e d  a c t i v i t y  d u r i n g  which 
d e t e c t a b i l i t y  was h i g h e r .  At l e a s t  t h r e e  o r  f o u r  r e p l i c a t e  
t r a n s e c t s ,  o f t e n  w a lk e d  o v e r  a p e r i o d  o f  s e v e r a l  d a y s ,  were 
u s e d  t o  o b t a i n  e a c h  e s t i m a t e .  On t h e  s m a l l e r  s o u t h e r n  T e x a s  
s i t e s ,  up t o  e i g h t  r e p l i c a t e s  were  u sed  f o r  e a c h  e s t i m a t e .
The l o c a t i o n  o f  e a c h  b i r d  o b s e r v e d  was r e c o r d e d  in  
r e l a t i o n  t o  i t s  p e r p e n d i c u l a r  d i s t a n c e  f rom t h e  t r a n s e c t  l i n e .  
When g r o u p s  w ere  e n c o u n t e r e d ,  t h e  d i s t a n c e  o f  t h e  i n d i v i d u a l  
f a r t h e s t  f rom  t h e  t r a n s e c t  l i n e  was u s e d  and  t h e  g ro u p  s i z e  
r e c o r d e d  ( c f .  Emlen 1 9 7 7 ) .  C o e f f i c i e n t s  o f  d e t e c t a b i l i t y  were  
c a l c u l a t e d  f o r  e a c h  s p e c i e s  on e a c h  t r e a t m e n t  a n d  r e g i o n  from 
t h e  d a t a  c o l l e c t e d  i n  March 1975 ,  a n d  b e tw e e n  15 November and  
12 March o f  1975-76  and  1 9 7 6 - 7 7 .  T h e s e  c o e f f i c i e n t s  w ere  u s e d  
i n  c a l c u l a t i n g  d e n s i t i e s  d i r e c t l y  f ro m  c o u n t s  i n  s u b s e q u e n t  
y e a r s .  O n ly  J a n u a r y  e s t i m a t e s  (o r  t h o s e  f o r  l a t e  December  i n  
1975 and  1976 on t h e  n o r t h e r n  Oklahoma and  s o u t h e r n  Texas
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s i t e s ,  r e s p e c t i v e l y )  a r e  r e p o r t e d  h e r e .
I n d i v i d u a l s  i n  g r o u p s  o f  f i v e  o r  f e w e r  w ere  t r e a t e d  a s  
s i n g l e  b i r d s  i n  t h e  c a l c u l a t i o n s  o f  p o p u l a t i o n  e s t i m a t e s  and  
C .D ,  v a l u e s .  S i n c e  t h e  Emlen t e c h n i q u e  a s s u m e s  a random 
d i s t r i b u t i o n  o f  i n d i v i d u a l s ,  one  can t r e a t  g r o u p s  a s  
i n d i v i d u a l s ,  a s s u m i n g  t h a t  t h e y  t o o  a r e  r a n d o m ly  d i s t r i b u t e d  
(Emlen 1 9 7 7 ) ,  However  d e t e c t a b i l i t y  of  g r o u p s  i s  h i g h e r  t h a n  
t h a t  o f  i n d i v i d u a l s ,  and s e p a r a t e  C,D, c a l c u l a t i o n s  w ere  made 
f o r  g r o u p s  ( c o m p r i s e d  o f  6 t o  30 i n d i v i d u a l s )  o f  e a c h  s p e c i e s .  
P o p u l a t i o n  e s t i m a t e s  o f  g r o u p e d  i n d i v i d u a l s  w e re  a d d ed  t o  
t h o s e  f o r  " u n g r o u p e d "  i n d i v i d u a l s  o f  a s p e c i e s  t o  o b t a i n  a 
t o t a l  d e n s i t y  e s t i m a t e .  T h e s e  a d j u s t m e n t s  were  n e c e s s a r y  i n  
some c a s e s  f o r  Horned L a r k s  ( s e e  A p p en d ix  f o r  s c i e n t i f i c  
n a m e s ) .  E a s t e r n  an d  W e s te rn  m e a d o w l a r k s ,  and S m i t h ' s  an d  
C h e S t n u t - c o l l a r e d  l o n g s p u r s .  F o r  some h i g h l y  g r e g a r i o u s  , 
s p e c i e s  ( L a p l a n d  and  S m i t h ' s  l o n g s p u r s ) ,  p o p u l a t i o n  e s t i m a t e s  
o f  l a r g e r  g r o u p s  were made by c o u n t i n g  t h e  l a r g e s t  number  o f  
i n d i v i d u a l s  i n  t h e  a i r  a t  one t i m e ,  d i v i d i n g  by t h e  a r e a  o f  
t h e  s i t e ,  and  a d j u s t i n g  t h i s  f i g u r e  f o r  100 h a .
To e v a l u a t e  s i m i l a r i t i e s  i n  b i r d  c o m m u n i t i e s  among t h e  
v a r i o u s  t r e a t m e n t s ,  y e a r s ,  a n d  r e g i o n s ,  a c l u s t e r  a n a l y s i s ,  
u s i n g  s t a n d a r d i z e d  p o p u l a t i o n  e s t i m a t e s  o f  s p e c i e s  f rom  
c e n s u s e s ,  was p e r f o r m e d .  S p e c i e s  o c c u r r i n g  on o n ly  o n e  c e n s u s  
w e r e  d e l e t e d  f rom t h i s  a n a l y s i s ,  NT-SÏS ( N u m e r i c a l  Taxonomy 
S y s t e m s ) , a s e r i e s  o f  m u l t i v a r i a t e  c o m p u t e r  p r o g r a m s  d e v e l o p e d  
by F . J ,  R o h l f ,  J ,  K i s h p a u g h ,  and  D, K i r k ,  was e m p lo y e d ,  
P r o d u c t - m o m e n t  c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d
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b e tw e e n  a l l  p a i r s  o f  c e n s u s e s .  C l u s t e r s  were fo rm ed  w i th  t h e  
u n w e i g h t e d  p a i r - g r o u p  m e th o d ,  u s i n g  a r i t h m e t i c  a v e r a g e s ,  and  
s u m m a r iz e d  i n  d e n d r o g r a m s .  The c o p h e n e  t i c  c o r r e l a t i o n  was 
c o m p u te d  b e tw e e n  t h e  o r i g i n a l  c o r r e l a t i o n  m a t r i x  and t h e  
c o p h e n e t i c  v a l u e s  o f  t h e  c l u s t e r  a n a l y s i s  t o  a s s e s s  t h e  am ount  
o f  d i s t o r t i o n  i n  t h e  d e n d r o g ra m  ( S o k a l  and R o h l f  1 9 6 2 ) .  A 
s i m i l a r  a n a l y s i s ,  u s i n g  s i t e s  a s  c h a r a c t e r s ,  was em ployed  t o  
e v a l u a t e  s i m i l a r i t i e s  among s p e c i e s '  o c c u r r e n c e s .
To o b t a i n  a b i o m a s s  e s t i m a t e  f o r  a s p e c i e s ,  t h e  a v e r a g e  
w e i g h t s  f o r  up t o  10 i n d i v i d u a l s  ( f i v e  m a le s  a n d  f i v e  f e m a l e s )  
w ere  m u l t i p l i e d  by t h e  p o p u l a t i o n  e s t i m a t e .  I  u sed  w e i g h t s  o f  
s p e c i m e n s  o b t a i n e d  on t h e  s i t e s ,  o r  h o u s e d  i n  t h e  S t o v a l l  
Museum ( U n i v e r s i t y  o f  Oklahoma)  and  o b t a i n e d  d u r i n g  t h e  w i n t e r  
m on ths  ( see  A p p e n d i x ) . For  a n a l y s i s  o f  b i o m a s s ,  e a c h  s p e c i e s  
was a s s i g n e d  t o  one o f  t h e  f o l l o w i n g  f o r a g i n g  g u i l d s  on t h e  • 
b a s i s  o f  s p e c i e s '  s i z e  a n d  t h e  p r i m a r y  fo o d  co n su m e d :  d o v e s  ; 
g r a n i v o r e s ;  i n s e c t i v o r e s  ( o t h e r  t h a n  m ead o w la rk s )  ; and 
m e a d o w la r k s  ( s e e  A p p en d ix  f o r  g u i l d  a s s i g n m e n t s ) ,
An i n d e x  o f  n u m e r i c a l  d o m in a n ce  (D) was c a l c u l a t e d  f o r  
e a c h  s i t e  (S) u s i n g  t h e  f o r m u l a :
m 2
D = Z (n / n  ) (1)
S i=  1 i t
w here  n i s  t h e  number o f  i n d i v i d u a l s  o f  s p e c i e s  i ,  n i s  t h e  
i  ” t
t o t a l  number  o f  i n d i v i d u a l s  o f  a l l  s p e c i e s ,  and  m i s  t o t a l
number  o f  s p e c i e s  ( P i e l o u  1 9 7 3 ) .  T h i s  v a l u e  m e a s u r e s  t h e
p r o b a b i l i t y  t h a t  two i n d i v i d u a l s  s e l e c t e d  a t  random f rom  a
com m uni ty  w i l l  b e l o n g  t o  t h e  same s p e c i e s .
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Seed  s a m p l e s  w ere  o b t a i n e d  i n  J a n u a r y  o f  1978 and 1979 on 
10 o f  t h e  s i t e s .  I  r a n d o m ly  s e l e c t e d  20 t o  30 l o c a t i o n s  on a 
s i t e  and  b r u s h e d  d e b r i s  f rom  t h e  s u r f a c e  o f  a r e a s  10 x 10 cm 
i n t o  a c o n t a i n e r .  S ee d s  were s o r t e d  i n t o  s i z e  c l a s s e s  and  
c o u n t e d .  I  t r a n s f o r m e d  f r e q u e n c y  d a t a  t o  a s e e d  volume (SV) 
e s t i m a t e  w i t h  t h e  f o r m u l a ,
n 3
SV = Ê ( 4 /3 )  (Tf r  I X )  (2)
1=1 1 1 a
w h ere  r  i s  r a d i u s  o f  mean s e e d  s i z e  i n  t h e  i t h  c l a s s ,  n i s  
1
number  o f  c l a s s e s ,  I  i s  t h e  number o f  s e e d s  i n  t h e  i t h  c l a s s ,
an d  X i s  a c o r r e c t i o n  f a c t o r  t o  a d j u s t  s e e d  volume t o  c u b i c
m i l l i m e t e r s  o f  s e e d s  p e r  s q u a r e  m e t e r  f o r  s a m p l e  a .  T h i s  
p r o v i d e d  a g e n e r a l  i n d e x  o f  s e e d  a v a i l a b i l i t y  i n  m i d - w i n t e r .
A s i m i l a r  s a m p l i n g  p r o c e d u r e  was em ployed  by p u l l i a m  ( 1 9 7 5 ) .
P h y s i o g n o m i c  s t r u c t u r e  o f  v e g e t a t i o n  was m easu red  i n  
d é t a i l  a t  s e v e n  o f  t h e  s i t e s  ( t w i c e  a t  two o f  t h e s e )  t o  
c h a r a c t e r i z e  g r a z i n g  t r e a t m e n t s .  A t o t a l  o f  264 p o i n t  s a m p l e s  
s p a c e d  15 m a p a r t  were t a k e n  i n  a s t r i p  1000 m lo n g  and 60 m
w i d e  a t  e a c h  s i t e .  D e t a i l s  o f  t h i s  s a m p l i n g  a r e  d e s c r i b e d  i n
G r z y b o w s k i  ( 1 9 8 0 a ) .
R e s u l t s  of  C h r i s t m a s  B i r d  C o u n t s  (CBC; C .E .  Bock,  p e r s .  
comm.) , c o m p i l e d  by t h e  N a t i o n a l  Audubon S o c i e t y ,  were  u s e d  t o  
e v a l u a t e  b i r d  s p e c i e s  d i s t r i b u t i o n s  a t  t h e  r e g i o n a l  l e v e l .  
T h e s e  d a t a  a r e  r e p r e s e n t e d  a s  t h e  number  o f  b i r d s  (o f  a 
s p e c i e s )  s e e n  p e r  m a n -h o u r  o f  o b s e r v a t i o n  t im e  w i t h i n  a 
1 0 - d e g r e e  l a t i t u d e - l o n g i t u d e  b l o c k  ( F i g . 3 ) .  I  a v e r a g e d  
a n n u a l  r e s u l t s  f rom t h e s e  c e n s u s e s  f o r  a 1 0 - y e a r  p e r i o d
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(1 962-71 )  t o  r e d u c e  t h e  e f f e c t  o f  i n c o n s i s t e n c i e s  i n  o b s e r v e r  
e f f o r t  and s k i l l  (Bock a n d  L e p t h i e n  1 9 7 4 ) .  The a v e r a g e  
f r e q u e n c i e s  w i t h i n  g r i d - b l o c k s  were c o n v e r t e d  t o  t h e  
p r o p o r t i o n  o f  t o t a l  o b s e r v a t i o n s  f o r  e a c h  s p e c i e s ,  I  d i v i d e d  
t h e  15 g r i d - b l o c k s  ( F i g .  3) i n t o  f o u r  q u a r t e r s  (NW, SW, NE,
SE) , f o u r  g r i d - b l o c k s  p e r  q u a r t e r  ( e x c e p t  f o r  t h e  SW, which  
had  t h r e e ) . The p r o p o r t i o n  o c c u r r e n c e  o f  s p e c i e s  i n  g r i d -  
b l o c k s  were summed f o r  e a c h  q u a r t e r  and  u s e d  t o  r e g i o n a l l y  
a s s e s s  e q u i t a b i l i t y  o f  s p e c i e s  d i s t r i b u t i o n s .  I  d i v i d e d  
v a l u e s  f o r  t h e  SW q u a r t e r  by 0 . 7 5  t o  a d j u s t  f o r  t h e  m i s s i n g  
g r i d - b l o c k .  P a t t e r n s  o f  d i s t r i b u t i o n  among g r a s s l a n d  b i r d  
s p e c i e s  were a s s e s s e d  w i t h  a c l u s t e r  a n a l y s i s  o f  g r i d - b l o c k s ,  
u s i n g  p r o p o r t i o n  o c c u r r e n c e  o f  s p e c i e s  a s  v a r i a b l e s .
RESULTS
T a b l e  2 p r o v i d e s  p o p u l a t i o n  e s t i m a t e s  o f  n o n - r a p t o r i a l  s p e c i e s  
( i n  b i r d s  p e r  100 ha) o c c u r r i n g  i n  Oklahoma g r a s s l a n d s  d u r i n g  
D ecem ber  o r  J a n u a r y  f rom 1 9 7 5 -7 6  t h r o u g h  1 9 7 8 -7 9 .  T r e a t m e n t  
t y p e s  a r e  i d e n t i f i e d  f o r  e a c h  s a m p l i n g ,  a s  a r e  t o t a l  b i r d  
b i o m a s s ,  g r a n i v o r e  b i o m a s s ,  and d o m in a n c e .  T a b l e s  3 and 4 
p r o v i d e  s i m i l a r  e s t i m a t e s  f o r  w e s t e r n  T e x a s  and  s o u t h e r n  T exas  
s i t e s ,  r e s p e c t i v e l y ,  f o r  t h e  w i n t e r s  of  1976-77  t h r o u g h  
1 9 7 8 - 7 9 .
T a b l e s  2 ,  3 and 4 i n d i c a t e  t h a t  t h e  number  o f  w i n t e r i n g  
g r a s s l a n d  b i r d  s p e c i e s  i s  s m a l l  i n  a l l  a r e a s  s t u d i e d .  A t o t a l  
o f  23 s p e c i e s  ( e x c l u d i n g  r a p t o r s  and s h r i k e s )  o c c u r r e d  on t h e  
20 s i t e s  ( b a se d  on 53 c e n s u s e s ) ; s i x  o f  t h e  s p e c i e s  were fo u n d
GRASSLAND BIRD COMMUNITIES 17
on o n ly  one census- -C oram on  S n i p e ,  Common F l i c k e r ,  A m er ican  
R o b in ,  Y e l lo w - ru m p e d  W a r b l e r ,  C a r d i n a l ,  a n d  A m er ican  
G o l d f i n c h .  None o f  t h e s e  were  common, o r  would be  c o n s i d e r e d  
t y p i c a l  o f  open g r a s s l a n d  h a b i t a t s .  An a d d i t i o n a l  t h r e e  
s p e c i e s  o c c u r r e d  on o n l y  two c e n s u s e s — t h e  Common Ground  Dove 
and  L i n c o l n ' s  S p a r ro w  i n  s o u t h e r n  T e x a s ,  and B a i r d ' s  S p a r ro w  
i n  w e s t e r n  T e x a s ,  Common Ground  Doves and  L i n c o l n ' s  S p a r r o w s  
h a v e  p r e v i o u s l y  b een  r e p o r t e d  i n  low num bers  on t h e  g r a s s l a n d  
a r e a s  a t  W elder  W i l d l i f e  F o u n d a t i o n  (Emlen 1 9 7 1 ) ,  B a i r d ' s  
S p a r r o w s  a r e  t y p i c a l  o f  g r a s s l a n d s ,  b u t  a r e  r a r e  (Bent 1 9 6 8 ) ,  
T h i s  l e a v e s  o n l y  14 s p e c i e s  w h ich  o c c u r r e d  on more t h a n  two 
m i d - w i n t e r  c e n s u s e s  on a l l  T e x a s  and  Oklahoma s i t e s .  E x c e p t  
f o r  t h e  m e a d o w la rk s  an d  S p r a g u e ' s  P i p i t ,  t h e s e  s p e c i e s  a r e  
g r a n i v o r o u s ,
REGIONAL COMPARISONS
D i s t r i b u t i o n  o f  s p e c i e s  a t  t h e  r e g i o n a l  l e v e l  and  e q u i t a b i l i t y  
i n  s p e c i e s  d i s t r i b u t i o n s  were e v a l u a t e d  f ro m  CBC d a t a .  T a b l e  
5 g i v e s  p r o p o r t i o n  o c c u r r e n c e  o f  most  p a s s e r i n e  s p e c i e s  w h ich  
o c c u r r e d  on two o r  more c e n s u s e s  by g r i d - b l o c k .  T r e e  and  
L i n c o l n ' s  s p a r r o w s ,  more t y p i c a l  o f  n o n - g r a s s l a n d  h a b i t a t s  
(B en t  1 9 6 8 ) ,  a r e  n o t  i n c l u d e d ;  t h e  Snow B u n t i n g  (P l e c t r o p h e n a x 
n i v a l i s ) , a s p e c i e s  o f  open  h a b i t a t s  i n  t h e  n o r t h e r n  p l a i n s  
(B en t  1958) i s  i n c l u d e d .  The a v e r a g e  p r o p o r t i o n  o c c u r r e n c e  o f  
s p e c i e s  i n  t h e  n o r t h w e s t e r n  q u a r t e r  i s  0 , 0 7 ,  w h i l e  t h e  
a v e r a g e s  f o r  t h e  s o u t h w e s t e r n  an d  s o u t h e a s t e r n  q u a r t e r s  a r e  
0 , 3 9  an d  0 . 3 7 ,  r e s p e c t i v e l y .  The a v e r a g e  f o r  t h e  n o r t h e a s t e r n
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q u a r t e r  i s  0 . 2 7 .
A c l u s t e r  a n a l y s i s  o f  g r i d - b l o c k s ,  u s i n g  p r o p o r t i o n  
o c c u r r e n c e  o f  s p e c i e s  a s  v a r i a b l e s  ( T a b l e  5 ) ,  i s  shown i n  F i g .  
h.  The c o p h e n e  t i c  c o r r e l a t i o n  i s  0. 8 8 8 ,  i n d i c a t i n g  l i t t l e  
d i s t o r t i o n  i n  r e p r e s e n t i n g  t h e  o r i g i n a l  c o r r e l a t i o n  m a t r i x .  A 
r e g i o n a l  c l u s t e r  i s  f o u n d  f o r  t h e  f o u r  n o r t h w e s t e r n  g r i d  
b l o c k s .  T h i s  zo n e  i s  d o m i n a t e d  by o ne  s p e c i e s ,  t h e  Horned 
L a r k .  B l o c k s  13 a n d  14 a r e  t h e  n o r t h e r n m o s t  i n  t h e  e a s t .  The 
Snow B u n t i n g  i s  t y p i c a l  o f  t h i s  a r e a .  The e a s t e r n  b l o c k s  24 
and  34 a r e  s i m i l a r .  L e C o n t e ' s  S p a r r o w s  a r e  more  c o n c e n t r a t e d  
i n  t h i s  a r e a .  S p e c i e s  c o m p o s i t i o n  c h a n g e s  a l o n g  a n o r t h - s o u t h  
a x i s  f rom b l o c k s  13 t o  23 t o  43 .  Snow B u n t i n g s  t y p i f y  b l o c k  
13,  L a p la n d  and S m i t h ' s  l o n g s p u r s  b l o c k  2 3 ,  and  S a v a n n a h  
S p a r r o w s  a n d  S p r a g u e ' s  P i p i t s  b l o c k  4 3 .  A d i s t i n c t  e a s t - w e s t  
s e p a r a t i o n  o c c u r s  b e tw e e n  b l o c k s  12, 22,  23, 3 3 ,  and 4 2 ,  and  
b l o c k s  13,  2 3 ,  2 4 ,  3 4 ,  a n d  4 3 ,  r e s p e c t i v e l y .  T h i s  a n a l y s i s  
d e m o n s t r a t e s  t h e  r e g i o n a l  c h a r a c t e r  o f  g r a s s l a n d  b i r d  
d i s t r i b u t i o n  i n  t h e  s o u t h e r n  G r e a t  P l a i n s .
SITE COMPARISONS
A c l u s t e r  a n a l y s i s  ( F i g .  5) , u s i n g  p o p u l a t i o n  e s t i m a t e s  f rom 
t h e  52 c e n s u s e s  ( T a b l e s  2 ,  3 and  4; e x c l u d i n g  s i t e  5c i n  1979 
when no b i r d s  w ere  p r e s e n t ) , shows t h a t  s i t e s  a r e  g e n e r a l l y  
a s s o c i a t e d  on t h e  b a s i s  o f  t h e  d o m in a n c e  o f  one s p e c i e s .  I n  
t h e  d e n d r o g ra m  ( F i g . 5 ;  c o p h e n e t i c  c o r r e l a t i o n = 0 . 8 9 3 ) ,  s i t e s  i n  
g r o u p  1 w e re  d o m i n a t e d  by S a v a n n a h  S p a r r o w s .  L e C o n t e ' s  
Spa r row  was c o - d o m i n a n t  on s i t e s  l a  i n  1975 and 6b i n  1977 o f
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t h i s  g r o u p  ( s e e  F i g ,  5) . A l l  s a m p l e s  f o r  s i t e s  6a and  6b 
( g ro u p  1) were v e r y  s i m i l a r  i n d i c a t i n g  low s p e c i e s  t u r n o v e r s  
f rom  y e a r  t o  y e a r .  I n  1 9 7 9 ,  b o t h  o f  t h e s e  s i t e s  were l i g h t l y  
t o  m o d e r a t e l y  g r a z e d .  The s e c o n d  g r o u p  i n  t h e  c l u s t e r  
a n a l y s i s  i n c l u d e s  f o u r  s i t e s  d o m i n a t e d  by m e a d o w l a r k s ,  and  
r e p r e s e n t s  an  a s s o r t m e n t  o f  t r e a t m e n t  t y p e s ,  M e a d o w la rk s  were  
p r e s e n t  on most  s i t e s  s o  t h i s  c l u s t e r  r e p r e s e n t s  a b s e n c e  o f  
o t h e r  s p e c i e s  a n d / o r  a h i g h  number o f  m e a d o w la r k s  r e l a t i v e  t o  
o t h e r  s p e c i e s .  U n l i k e  o t h e r  g r a s s l a n d  b i r d  s p e c i e s ,  
m e ad o w la rk s  u n d e r g o  l o c a l  movements  t o  a d j a c e n t  s h r u b b y  
h a b i t a t s ,  which a f f e c t  e s t i m a t e s  o f  t h e i r  a b u n d a n c e  i n  open  
g r a s s l a n d  ( u n p u b l ,  d a t a )  ; t h e s e  l o c a l  movements  may h a v e  
c o n t r i b u t e d  t o  t h i s  c l u s t e r i n g .  Group  3 i n c l u d e s  HGs i n
I
s o u t h e r n  T exas  where  S p r a g u e ’ s  P i p i t s  w ere  p r e s e n t .  On s i t e  
6c i n  1979 ,  I  f o u n d  S p r a g u e ' s  P i p i t s  i n  num bers  s i m i l a r  t o  
o t h e r  y e a r s ,  b u t ,  b e c a u s e  o f  i n c r e a s e s  i n  S a v a n n a h  S p a r r o w s ,  
t h i s  s i t e  f o r  1979 was p l a c e d  w i t h  t h e  f i r s t  g r o u p .  Group 4 
i s  t h e  l a r g e s t  g r o u p  and  i n c l u d e s  h e a v i l y  t o  m o d e r a t e l y  g r a z e d  
s i t e s  i n  c e n t r a l  Oklahoma w here  S m i t h ' s  L o n g s p u r s  were 
d o m i n a n t .  T h r e e  o f  t h e  c e n s u s e s  i n  t h i s  g r o u p  (2c i n  1977 and 
197 8, an d  3a i n  1977) had  h i g h  n um bers  o f  C h e s t n u t - c o l l a r e d  
L o n g s p u r s  r e l a t i v e  t o  S m i t h ' s  L o n g s p u r s  ( s e e  T a b l e  2 ) .
S m i t h ' s  L o n g s p u r s  on t h e s e  t h r e e  s i t e s  were l e s s  common t h a n  
on t h e  o t h e r  s i t e s  i n  t h i s  g r o u p .  Group  5 i n c l u d e s  c u l t i v a t e d  
s i t e s  d o m i n a t e d  by L a p l a n d  L o n g s p u r s ,  T h i s  s p e c i e s  o c c u r r e d  
o n l y  s p o r a d i c a l l y  an d  i n  low num bers  on o t h e r  s i t e s .
L o c a l i t i e s  i n c l u d e d  i n  t h e  l a s t  g r o u p  a r e  d o m i n a t e d  by H orned
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L a r k s ;  t h i s  g r o u p  i n c l u d e s  s i t e  He,  a c u l t i v a t e d  f i e l d  from 
which  L a p l a n d  L o n g s p u r s  were a b s e n t ,  and most  s i t e s  i n  w e s t e r n  
T e x a s .  The c o r r e l a t i o n  o f  s p e c i e s *  a b u n d a n c e s  be tw een  s i t e s  
5b i n  1979 a n d  5c i n  1978 i s  0 . 6 6  ( F i g .  5 ) .  Both  had v e r y  low 
d e n s i t y  e s t i m a t e s  f o r  a l l  s p e c i e s  p r e s e n t  ( s e e  T a b le  2 ) .  S i t e  
2a i n  1976 and 1970 ( F ig .  5 ; b e tw een  g r o u p s  3 and  4) was 
d o m i n a t e d  by T r e e  S p a r r o w s .  D e n s i t i e s  were a l s o  low a t  t h e s e  
s i t e s .  S i t e  1b i n  1977 ( F ig .  5) had low d e n s i t y  e s t i m a t e s  o f  
m e a d o w la rk s  and L e C o n t e ’ s  S p a r r o w s  o n l y .
The c l u s t e r  a n a l y s i s  shows t h a t  HGs o v e r l a p p e d  two 
e x t r e m e s  o f  h a b i t a t ;  t h e  f i r s t ,  which was more l i g h t l y  g r a z e d ,  
was d o m i n a t e d  by S av a n n ah  S p a r r o w s  (and so m e t im e s  a l s o  
L e C o n t e ' s  S p a r r o w s ) ,  and  t h e  s e c o n d ,  which  was more h e a v i l y  
g r a z e d ,  was d o m i n a t e d  by S m i t h ' s  L o n g s p u r s .  The s i z e  o f  
s u i t a b l e  h a b i t a t  p a t c h e s  on a s i t e  i n f l u e n c e s  a s p e c i e s '  
a b u n d a n c e .  R e g i o n a l  d i f f e r e n c e s  i n  s p e c i e s  c o m p o s i t i o n  a r e  
e v i d e n t  f o r  g r o u p s  1 and 3 w h ich  a r e  p r i m a r i l y  composed o f  
s o u t h e r n  T e x a s  s i t e s ,  and  g r o u p  6 composed  m a i n l y  o f  w e s t e r n  
T e x a s  s i t e s .
A c l u s t e r  a n a l y s i s  o f  s p e c i e s  ( F i g .  6; c o p h e n e t i c  
c o r r e l a t i o n = 0 .7 5 9 )  f u r t h e r  s u p p o r t s  t h e  g e n e r a l l y  weak 
r e l a t i o n s  among m ost  o f  t h e  s p e c i e s .  The most  c l o s e l y  
a s s o c i a t e d  s p e c i e s  a r e  Common Ground Dove, L i n c o l n ' s  S p a r ro w  
and  B a i r d s ' s  S p a r r o w .  The f i r s t  two a r e  uncommon on MGs i n  
s o u t h e r n  T e x a s ;  t h e  l a t t e r  i s  a r a r e  w e s t e r n  T e x a s  s p e c i e s .  
T h e se  a s s o c i a t i o n s  a r e  b a s e d  on s i m i l a r i t i e s  i n  n o n - o c c u r r e n c e  
f o r  s p e c i e s  fo u n d  on o n l y  two c e n s u s e s  e a c h .  T h u s ,  none o f
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t h e  17 s p e c i e s  a r e  s i m i l a r  i n  t h e i r  r e s p o n s e  t o  p a r t i c u l a r  
s i t e  c h a r a c t e r i s t i c s .
TREATMENT COMPARISONS
T a b l e  5 p r o v i d e s  mean b io m a ss  e s t i m a t e s  f o r  g r a n i v o r e s ,  
m e a d o w la r k s ,  i n s e c t i v o r e s  ( o t h e r  t h a n  m e a d o w la rk s )  and d o v e s  
 ̂ o r g a n i z e d  by r e g i o n ;  d o m in a n c e  v a l u e s  a r e  a l s o  i n c l u d e d .
T a b l e  7 shows t h e  r e s u l t s  o f  Duncan’ s  m u l t i p l e  r a n g e  t e s t  
(Kramer 1956) f o r  t o t a l ,  g r a n i v o r e  a n d  m eadow la rk  b io m a ss  
b e tw een  d i f f e r e n t  t r e a t m e n t s  w i t h i n  and b e tw e e n  r e g i o n s .
I n  c e n t r a l  O klahom a,  a t r e n d  t o w a r d s  i n c r e a s i n g  b io m a s s  i s  
s e e n  from LGs t o  HGs ( T a b le  6) . However ,  few o f  t h e  
t r e a t m e n t s  were s i g n i f i c a n t l y  d i f f e r e n t  ( P < .0 5 ;  T a b l e  7) HGs 
had s i g n i f i c a n t l y  h i g h e r  g r a n i v o r e  b i o m a s s  t h a n  MGs o r  LGs 
( P < . 0 5 ) ,  B io m ass  e s t i m a t e s  f o r  c u l t i v a t e d  s i t e s  a r e  h i g h ,  b u t  
e x t r e m e l y  v a r i a b l e .  The b i o m a s s  e s t i m a t e  f o r  t h e  HG ( s i t e  3b) 
i n  n o r t h e r n  Oklahoma i s  t h e  h i g h e s t  o f  any  e s t i m a t e  on any  
s i t e .  The S m i t h ' s  L o n g s p u r  ( T a b le  2) d o m i n a t e d  t h i s  s i t e ,  
c o m p r i s i n g  97% o f  a l l  i n d i v i d u a l s .
The h i g h e s t  p o p u l a t i o n  e s t i m a t e s  f o r  w e s t e r n  T ex as  s i t e s  
O ccur  on s i t e  5a (MIX; T a b l e  6 ) ,  which was a l i g h t l y  g r a z e d  
a r e a  p a r t i a l l y  t r a v e r s i n g  a p r a i r i e  dog town.  MIX had 
s i g n i f i c a n t l y  h i g h e r  (P<.05)  e s t i m a t e s  o f  g r a n i v o r e  and t o t a l  
b io m a ss  t h e n  LGs i n  w e s t e r n  T e x a s .  G r a n i v o r e  b io m a ss  was 
h i g h e r  on MGs t h a n  HGs (P < .05)  i n  s o u t h e r n  T e x a s .  T o t a l  
b io m a s s  a l s o  i n c r e a s e d  f rom HGs t o  MGs ( P < . 0 5 ) .
I n s e c t i v o r e s  ( o t h e r  t h a n  m ead o w la rk s )  were
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i n c o n s e q u e n t i a l  on t h e  Oklahoma and  w e s t e r n  T e x a s  s i t e s  ( T a b l e  
6 ) .  M e a d o w l a r k s  were  a b s e n t  f rom t h e  n o r t h e r n  Oklahoma s i t e s .  
I n s e c t i v o r e s  were  more a b u n d a n t  on s o u t h e r n  T e x a s  s i t e s  t h a n  
on t h o s e  i n  Okl ahoma,  a s  were d o v e s  (which  were  a b s e n t  i n  
Oklahoma g r a s s l a n d s ) . However ,  t h e  p r e s e n c e  o f  d o v e s  i n  
s o u t h e r n  T e x a s  was i r r e g u l a r  ( T a b l e  U ) . S p r a g u e ’ s  P i p i t  was 
t h e  o n l y  o b l i g a t e  i n s e c t i v o r e  c o n s i s t e n t l y  a p p e a r i n g  on some 
s o u t h e r n  T e x a s  s i t e s  ( s i t e s  6c  a n d  6 d ;  T a b l e  4 ) ,  a l t h o u g h  
m e a d o w l a r k s  i n  s o u t h e r n  T e x a s  were  e n t i r e l y  c a r n i v o r o u s  i n  t h e  
w i n t e r  ( u n p u b l .  d a t a ) .  No s i g n i f i c a n t  d i f f e r e n c e s  (P>,05)  
w e r e  n o t e d  f o r  any  o f  t h e  t r e a t m e n t  c o m p a r i s o n s  w i t h i n  r e g i o n s  
f o r  m e a d o w l a r k s .
B iomas s  f o r  a l l  f o r a g i n g  g r o u p s  was h i g h e r  on MGs i n  
s o u t h e r n  T e x a s  t h a n  i n  c e n t r a l  Oklahoma ( T a b l e s  6 an d  7 ) .  
W e s t e r n  T e x a s  a n d  c e n t r a l  Oklahoma s i t e s  d i d  n o t  d i f f e r  i n  
b i o m a s s  (P>.05)  . B io ma s s  e s t i m a t e s  f o r  a l l  g r o u p s  a r e  
c o n s i d e r a b l y  g r e a t e r  on t h e  LG i n  s o u t h e r n  T e x a s  t h a n  f o r  LGs 
i n  c e n t r a l  Oklahoma o r  w e s t e r n  Te x as  ( T a b l e  6) . Whi le  HGs i n  
s o u t h e r n  T e x a s ,  c e n t r a l  Okl ahoma,  a nd  w e s t e r n  T e x a s  ( i n c l u d i n g  
MIT) d i d  n o t  d i f f e r  i n  t o t a l  b i o m a s s ,  HGs i n  s o u t h e r n  T e x a s  
h a v e  s i g n i f i c a n t l y  f e w e r  g r a n i v o r e s  and  s i g n i f i c a n t l y  more 
m e a d o w l a r k s  t h a n  HGs i n  o t h e r  r e g i o n s  ( P < . 0 5 ;  T a b l e s  6 and  7 ) .  
However ,  l a r g e  n um b e r s  o f  g r a n i v o r e s  d i d  o c c u r  on HGs n e a r b y  
( in  s o u t h e r n  T e x a s ) .
Dominance ranged  from 0 , 8 4 9  and 0 .951  on n o r t h e r n  
Oklahoma s i t e s  t o  0 . 2 5  on a MG i n  c e n t r a l  Oklahoma ( T a b l e s  2,
3 a n d  4 ) .  HGs i n  s o u t h e r n  T e x a s  had t h e  l o w e s t  mean f o r  a n y
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t r e a t m e n t  ( C . 3 4 2 ,  S D = 0 . 0 7 8 ) ,  b u t  were  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  ( £> . 05)  f rom HGs i n  c e n t r a l  Oklahoma a n d  w e s t e r n  
T e x a s  an d  f rom MGs i n  s o u t h e r n  T e x a s .  The mean number  o f  
s p e c i e s  on HGs i n  s o u t h e r n  T e x a s  was 3 . 6  ( S D = 0 . 5 5 ) .  The  mean 
t r e a t m e n t  d o m i n a n c e  v a l u e  o f  0 . 3 4 2  a p p r o a c h e s  t h a t  o f  c o m p l e t e  
eve  n e s s ;  i . e . ,  t h e  e x p e c t e d  d o m i n a n c e  v a l u e  i f  a l l  s p e c i e s  
w e r e  e q u a l l y  common ( i n  t h i s  c a s e ,  0 . 2 8 0 ) .  The se  HGs were  t h e  
o n l y  s i t e s  i n  t h e  s t u d y  where  a n  i n s e c t i v o r e  ( S p r a g u e ' s  P i p i t )  
was r e g u l a r l y  p r e s e n t .
Domi nance  v a l u e s  a p p r o a c h e d  t h e i r  minimum on s e v e r a l  
o t h e r  c e n s u s e s ,  b u t  were n o t  c o n s i s t e n t l y  low f o r  any o t h e r  
t r e a t m e n t  t y p e  o r  r e g i o n .  Dominance  v a l u e s  a r e  e x p e c t e d  t o  be 
low when t h e  t o t a l  number  o f  i n d i v i d u a l s  i s  v e r y  low.  I n  a 
few c a s e s ,  d o m i n a n c e  was low w i t h  m o d e r a t e  n u m b e r s  of  
i n d i v i d u a l s  p r e s e n t  ( s i t e  3 a ,  1977;  s i t e  2 a ,  1 9 7 6 - 7 8 ;  s i t e  4 d ,  
1977;  s e e  T a b l e  2 ) .
ANNUAL VARIATION
A l l  Oklahoma s i t e s  c e n s u s e d  s howed  d e c r e a s e s  i n  t o t a l  b i r d  
b i o m a s s  and  g r a n i v o r e  b i o m a s s  f o r  t h e  w i n t e r s  o f  197 5-7  6 t o  
t h a t  o f  1976 -77  ( T a b l e  2) . The y e a r  1976 was d r y  w i t h  4 5 . 9  cm 
o f  r a i n f a l l  co mp ar e d  t o  a mean o f  8 0 . 0  cm ( N a t l .  Ocean.  Atmos.  
Admin.  1 9 7 8 ) .  S t a n d i n g  c r o p  b i o m a s s  ( a s  mea s ur ed  by 
v e g e t a t i o n  c o n t a c t s )  was l o w e r  on t h e  s i t e s  i n  December 1976 
t h a n  i n  December  1975.
Some c u l t i v a t e d  s i t e s  showed s u b s t a n t i a l  i n c r e a s e s  i n  
b i r d  b i o m a s s  ( T a b l e  2 ;  s i t e s  4b and 4d) b e t w e e n  J a n u a r y  1977
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and J a n u a r y  1978.  On s i t e  4 d ,  t h e  i n c r e a s e  i n  b i o m a s s  was due 
t o  a l a r g e  number  o f  m e a d o w l a r k s .
S e v e r a l  MGs i n  Oklahoma show i n c r e a s e s  i n  g r a n i v o r e
b i o m a s s  f rom 1 9 7 7 - 7 8  t o  1 97 8- 79  ( T a b l e  2) . T h i s  was due  to
t h e  i n c u r s i o n  o f  S m i t h ’s  L o n g s p u r s .  I n  f a c t ,  much o f  t h e
a n n u a l  v a r i a t i o n  i n  g r a n i v o r e  b i o m a s s  i n  MGs an d  HGs i s
a t t r i b u t a b l e  t o  t h i s  s p e c i e s  ( T a b l e  2 ) .  N o r m a l l y  S m i t h ' s
L o n g s p u r s  w i n t e r  i n  h i g h  number s  i n  n o r t h - c e n t r a l  and
n o r t h e a s t e r n  O kl aho ma ,  a s  i n d i c a t e d  by  e s t i m a t e s  a t  s i t e s  3b
and 2d (and u n p u b l .  d a t a )  . The w i n t e r  o f  1978- 79  was t h e
o
c o l d e s t  on r e c o r d  (mean J a n u a r y  t e m p e r a t u r e  - 3 . 2  C; 3 0 - y e a r  
o
mean,  2 . 8  C; N a t l .  O c e a n .  Atmos .  Admin.  1 9 7 8 ) ,  and  S m i t h ' s  
L o n g s p u r s  were a b u n d a n t  on many s i t e s  i n  c e n t r a l  Oklahoma.  
However ,  S m i t h ' s  L o n g s p u r s  a r e  h a b i t a t  s p e c i a l i s t s  ( Grzybows ki  
1980a) and o c c u p y  p a t c h e s  o f  d e n s e  t h r e e - a w n  g r a s s  which  o c c u r  
i n  h e a v i l y  g r a z e d  a r e a s .  P a t c h e s  o f  t h r e e - a w n  on many s i t e s  
grew l a r g e r  d u r i n g  t h e  p e r i o d  o f  s t u d y ,  and t h i s  may h a ve  
r e s u l t e d  i n  more S m i t h ' s  L o n g s p u r s  u s i n g  t h e s e  s i t e s .
S a v a n n a h  S p a r r o w  number s  were  l o w i n  t h e  w i n t e r  of  
1978-79  on t h e  g r a s s l a n d  s i t e s  i n  c e n t r a l  Oklahoma ( T a b l e  2 ) ;  
o n l y  a few s c a t t e r e d  i n d i v i d u a l s  c o u l d  be f o un d  a t  some 
l o c a t i o n s .  Heavy m o r t a l i t y  o f  S a v a n n a h  S p a r r o w s  may have  
o c c u r r e d  i n  t h e  s e v e r e  w i n t e r  o f  1 9 77 - 7 3  ( u n p u b l .  d a t a )  , when 
snow c o v e r e d  t h e  g r o u n d  f o r  a r e c o r d  38 d a y s  i n  c e n t r a l  
Oklahoma ( N a t l .  O c e a n .  Atmos.  Admin.  1 9 7 8 ) .  S avannah  S p a r r o w s  
w e r e  v e r y  a b u n d a n t  on a f i r s t - y e a r  s u c c e s s i o n a l  f i e l d  i n  
1977-78  a n d  were  p r e s e n t  on mo s t  s i t e s  i n  19 75 - 76  and 1 97 6- 77 .
GRASSLAND BIRD COMMUNITIES 25
I n  w e s t e r n  T e x a s ,  t e m p e r a t u r e  and  r a i n f a l l  were s i m i l a r  
i n  t h e  d i f f e r e n t  y e a r s  o f  my s t u d y  ( u n p u b l .  M u le s ho e  N a t i o n a l  
W i l d l i f e  R e f u g e  w e a t h e r  summar y) .  S i t e  Sb u n d e r w e n t  a g r a d u a l  
d e c l i n e  i n  b i o m a s s  f rom J a n u a r y  1977 t o  J a n u a r y  1979 ( T a b l e  
3 ) .  A s l i g h t  i n c r e a s e  i n  b i o m a s s  o c c u r r e d  a t  t h e  MIX s i t e  
( s i t e  5a) b u t  t h e  c h a n g e s  i n  g r a n i v o r e  and mead owl a r k  
c o m p o n e n t s  were c o m p e n s a t o r y ;  i n  J a n u a r y  1978,  Horned L a r k s  
wer e  much l e s s  a b u n d a n t  t h a n  i n  o t h e r  y e a r s ,  w h i l e  m e a d o w l a r k s  
were  more a b u n d a n t  ( T a b l e  2 ) .  On t h e  HG ( s i t e  5 d ) ,  b i o m a s s  
e s t i m a t e s  were  h i g h  i n  1979 ( T a b l e  3) a f t e r  r e m o v a l  o f  c a t t l e .  
The s i t e  was r e c o v e r i n g  f r om  o v e r g r a z i n g ,  and  s e e d  a b u n d a n c e  
had i n c r e a s e d  s l i g h t l y .  I n  g e n e r a l  ( a l l  w e s t e r n  T e x a s  s i t e s  
c o m b i n e d ) , Horned L a r k s  were l e s s  common i n  J a n u a r y  1978 t h a n  
i n  o t h e r  y e a r s .  The u n g r a z e d  g r a s s l a n d  ( s i t e  5c) c o n t a i n e d  
v e r y  few b i r d s .
Some g e n e r a l  t r e n d s  were a p p a r e n t  on t h e  s o u t h e r n  T e x a s  
s i t e s .  The y e a r  1975 was t h e  w e t t e s t  on r e c o r d  (305 cm; mean,  
87 c m ) . G r a n i v o r e  b i o m a s s  p e a k e d  i n  1 97 5 - 7 7 ,  b e i n g  e x t r e m e l y  
h i g h  on s i t e  6b (MG), b e c a u s e  o f  t h e  l a r g e  n u mb e r s  o f  S a v a n n a h  
and L e C o n t e ’ s  s p a r r o w s  ( T a b l e  h ) . S i t e  5b had c l a y  s o i l s  and  
was wet i n  a l l  y e a r s  o f  t h e  s t u d y ,  i n  c o n t r a s t  t o  s i t e  6a 
( a l s o  MG), l o c a t e d  on w e l l - d r a i n e d  s a n d y  s o i l s .  G r a n i v o r e  
b i o m a s s  g e n e r a l l y  d e c r e a s e d  on t h e  MGs from 1976-77  t o  J a n u a r y  
1 979 ,  b u t  i n c r e a s e d  s l i g h t l y  on t h e  HGs o v e r  t h i s  p e r i o d  
( T a b l e  4 ) .  S a v a n n a h  S p a r r o w s  were a c o n s i s t e n t l y  a b u n d a n t  
e l e m e n t  o f  t h e  g r a n i v o r e  b i o m a s s .  M ea do wl a rk s  g r a d u a l l y  
i n c r e a s e d  on s i t e  6a (MG) ; a t  t h e  same t i m e ,  g r a z i n g  p r e s s u r e
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was i n c r e a s i n g .  At s i t e  6b (MG), m e a d o w l a r k s  were most  
a b u n d a n t  i n  1976-77 and e q u a l l y  common i n  1978 and 1979.
Doves were p r e s e n t  on s o u t h e r n  Texas  s i t e s  ( T a b l e  2) and 
f o rm ed  a s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  b i o m a s s  ( 2 0 . 4  k g / 1 0 0  
h a ;  44%) on s i t e  6a i n  J a n u a r y  1978.  Meadowla rks  were 
g e n e r a l l y  more a b u n d a n t  on t h e  HGs t h a n  on t h e  MGs ( T a b l e  4 ) .  
B o b w h i t e s  ( C o l i n u s  v i r q i a n u s) were  o c c a s i o n a l l y  n o t e d  on t h e  
MGs, b u t  were  n o t  r e c o r d e d  on any  o f  t h e  m or n i n g  t r a n s e c t s .  
T u r k e y s  (M e l e a g r i s  g a l l o p a v o) were  a l s o  o b s e r v e d  t r a v e r s i n g  
s i t e  6 a .
Seed a b u n d a n c e  was m e a s u r e d  on s e v e r a l  s i t e s  i n  J a n u a r y  
o f  1978 and 1979 .  F i g u r e  7 shows  g r a n i v o r e  b i o m a s s  p l o t t e d  
a g a i n s t  t h e  l o g  o f  s e e d  volume..  A c o r r e l a t i o n  of  0 , 7 8  was 
o b t a i n e d ,  b u t  when t h e  two o u t l i e r s  wer e  r e mo v e d ,  t h e  
c o r r e l a t i o n  was r e d u c e d  t o  0 . 4 4 .  T h i s  a n a l y s i s  i m p l i e s  t h a t '  
s e e d  a b u n d a n c e  i s  a f a c t o r  on s e e d  r i c h  s i t e s ,  b u t  t h a t  o t h e r  
. f a c t o r s  a l s o  d e t e r m i n e  g r a n i v o r e  p o p u l a t i o n  s i z e s  on s i t e s  o f  
i n t e r m e d i a t e  t o  low f o o d  a b u n d a n c e .  The s i t e s  wi th  t h e  
h i g h e s t  s e e d  a b u n d a n c e  had  t h e  h i g h e s t  g r a n i v o r e  b i o m a s s ,  and  
t h o s e  w i t h  v e r y  low s e e d  a b u n d a n c e  s u p p o r t e d  v e r y  low 
g r a n i v o r e  b i o m a s s  ( F i g .  7 ) .  S i t e  4b was l e f t  f a l l o w  i n  t h e  
w i n t e r  o f  1 9 7 7 - 7 8 ,  and  t h e  a b u n d a n t  s e e d  c r o p s  of  i n v a d i n g  
g r a s s e s  and  weeds  a t t r a c t e d  l a r g e  n umb er s  of  S a vann ah  S p a r r o w s  
( T a b l e  2) .
HGs i n  s o u t h e r n  T e x a s ,  wh ich  had  h i g h e r  s e e d  d e n s i t i e s ,  
s u p p o r t e d  more g r a n i v o r e s  t h a n  t h e  m o d e r a t e l y  g r a z e d  s i t e s  i n  
Oklahoma.  I n  s o u t h e r n  T e x a s ,  HGs had v e r y  low s e e d  d e n s i t i e s
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co mp ar e d  t o  HGs i n  Okl ahoma.  I n  Ok la ho ma ,  s e e d  a b u n d a n c e  was 
h i g h e r  i n  HGs t h a n  i n  MGs. I n  w e s t e r n  T e x a s ,  LGs had  v e r y  low 
s e e d  d e n s i t i e s ,  and  HGs wer e  o n l y  s l i g h t l y  h i g h e r ;  s e e d  
a b u n d a n c e  was h i g h e s t  i n  p r a i r i e  dog t o w n s .
DISCUSSION
B i r d s  o c c u p y i n g  g r a s s l a n d s  i n  Oklahoma and  T e x a s  a r e  p r i m a r i l y  
w i n t e r  r e s i d e n t s .  Of 11 s p e c i e s  o c c u r r i n g  i n  Oklahoma 
g r a s s l a n d s  a n d  9 s p e c i e s  i n  w e s t e r n  T e x a s ,  o n l y  t h e  Horned 
L a r k  a nd  E a s t e r n  and W e s t e r n  m e a d o w l a r k s  b r e e d  i n  t h e  s o u t h e r n  
p l a i n s  r e g i o n .  Most  i n d i v i d u a l s  o f  t h e s e  s p e c i e s  m i g r a t e  f rom 
b r e e d i n g  l o c a l i t i e s  f u r t h e r  n o r t h  ( S u t t o n  1 9 6 7 ) .  However ,  
s o l i t a r y  m e a d o w l a r k s  c o u l d  be o b s e r v e d  s i n g i n g  i n  November  and  
s p o r a d i c a l l y  t h r o u g h  t o  F e b r u a r y ,  a n d  t h e s e  i n d i v i d u a l s  may be 
r e s i d e n t  t h r o u g h o u t  t h e  y e a r  ( u n p u b l .  d a t a ) .  Of 14 s p e c i e s  i n  
s o u t h e r n  T e x a s ,  o n l y  Mo ur n i ng  D ov e s ,  Common Gr ound  Doves ,  
E a s t e r n  M e ad o w l a r k s  and  C a r d i n a l s  b r e e d  i n  t h e  r e g i o n ;  o n l y  
t h e  Mourn ing  Dove and  E a s t e r n  Mead owl a rk  were  p r e s e n t  on more 
t h a n  two o f  my c e n s u s e s .  Thus  s p e c i e s  t u r n o v e r  i s  n e a r l y  
c o m p l e t e  f o r  g r a s s l a n d  b i r d  c o m m u n i t i e s  f rom summer t o  w i n t e r .  
R a i t t  and  Pimm (1976) showed a l a r g e  i n f l u x  o f  s e e d - e a t e r s  i n  
w i n t e r  a t  t h e i r  g r a s s l a n d  s i t e  in  s o u t h e r n  New Mexico.  Wiens 
and  Dyer  (1975) p r o v i d e d  d a t a  f rom r o a d s i d e  c o u n t s  wh i ch  
i n d i c a t e  h i g h  s p e c i e s  t u r n o v e r s  f rom f a l l  t o  w i n t e r  and  w i n t e r  
t o  s p r i n g  ( 72-955)  f o r  t h r e e  " t r u e  p r a i r i e "  s i t e s .  One o f  
t h e s e  l o c a l i t i e s  (Osage)  i s  n e a r  my n o r t h e r n  Oklahoma s i t e s .
Many g r a s s l a n d  b i r d s  a r e  h a b i t a t  s p e c i a l i s t s  i n  w i n t e r
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( G r z y b o w s k i  1976,  1 9 8 0 a ) . C l u s t e r  a n a l y s i s  showed s i t e s  
g r o u p e d  on t h e  b a s i s  o f  t h e  d o m i n a n c e  o f  one o r  two s p e c i e s ,  
L a p l a n d  L o n g s p u r s  p r e f e r r e d  c u l t i v a t e d  s i t e s ;  L e c o n t e ' s  
S p a r r o w s  o c c u r r e d  p r i m a r i l y  on l i g h t l y  g r a z e d  a r e a s .  S m i t h ' s  
L o n g s p u r s  may b e  t h e  mo s t  s p e c i a l i z e d ,  o c c u p y i n g  h e a v i l y  
g r a z e d  p a t c h e s  o f  t h r e e - a w n  (Grzyb ows ki  1 9 8 0 a ) . Mead owl ark s  
wer e  l e s s  s p e c i a l i z e d ,  a p p e a r i n g  on a l l  s i t e  t y p e s ,  s o m e t i m e s  
i n  l a r g e  n u m b e r s .  S a v a n n a h  S p a r r o w s  a l s o  a p p e a r e d  on a l l  
g r a z i n g  t r e a t m e n t  t y p e s  i n  Oklahoma and s o u t h e r n  T e x a s ,  b u t  
w e r e  r a r e  i n  w e s t e r n  T e x a s .  S p e c i e s  c o m p o s i t i o n  i s  c o n s i s t e n t  
on t r e a t m e n t  t y p e  w i t h i n  r e g i o n s .
C l i m a t i c  t o l e r a n c e s  a l s o  i n f l u e n c e  d i s t r i b u t i o n  o f  b i r d s .  
CSC d a t a  show n o r t h - s o u t h  g r a d i e n t s  i n  d i s t r i b u t i o n  f o r  
e a s t e r n  p l a i n s  r e g i o n s  ( f i g .  8) s i m i l a r  t o  d i s t r i b u t i o n  
p a t t e r n s  d u r i n g  t h e  b r e e d i n g  s e a s o n .  T h u s ,  t h e  p a s s e r i n e  
s p e c i e s  b r e e d i n g  f u r t h e s t  n o r t h — t h e  Snow B u n t i n g — h a s  t h e  
m o s t  n o r t h e r l y  w i n t e r i n g  d i s t r i b u t i o n  ( G o d f r e y  1 9 6 5) .  The 
S m i t h ' s  a n d  L a p l a n d  l o n g s p u r s  a r e  t u n d r a  s p e c i e s  ( G o d f r e y  
1966) whose w i n t e r  d i s t r i b u t i o n s  t y p i f y  t h e  c e n t r a l -  
n o r t h e a s t e r n  g r i d - b l o c k s  (F ig  8 A) . Many s p a r r o w  s p e c i e s  
b r e e d i n g  i n  n o r t h e r n  p l a i n s  g r a s s l a n d s  (Bent  1968) w i n t e r  
a l o n g  t h e  s o u t h e r n  b o r d e r  o f  t h e  U n i t e d  S t a t e s  ( f i g .  8) .
S m i t h ' s  an d  L a p l a n d  l o n g s p u r s  n e v e r  o c c u r r e d  on t h e  same 
c e n s u s  on an y  o f  my s i t e s ;  t h e y  p r e f e r  d i f f e r e n t  h a b i t a t s  on 
t h e i r  w i n t e r i n g  g r o u n d s  j u s t  a s  t h e y  do on t h e i r  b r e e d i n g  
g r o u n d s  ( B e n t  1 9 6 8 ,  J e h l  1 9 7 2 ) .  The S m i t h ' s  L o n g s p u r  i s  
t y p i c a l l y  a b u n d a n t  i n  n o r t h - c e n t r a l  and n o r t h e a s t e r n  Oklahoma.
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I n  1 9 7 8 - 7 9 ,  an  u n u s u a l l y  c o l d  w i n t e r  i n  Oklahoma ( N a t l .  Ocean .  
Atmos.  Admin.  1 9 7 9 ) ,  l a r g e r  t h a n  n o r m a l  n u mb er s  a p p e a r e d  i n  
c e n t r a l  Oklahoma.  Snow c o v e r  may a l s o  have  b e e n  i n s t r u m e n t a l  
i n  d e t e r m i n i n g  t h e  w i n t e r  d i s t r i b u t i o n  o f  t h i s  s p e c i e s  
( u n p u b l ,  d a t a )  .
C l i m a t i c  f a c t o r s  a l s o  may a f f e c t  e a s t - w e s t  c h a n g e s  i n  
d i s t r i b u t i o n .  Horned L a r k s  were  mos t  common i n  w e s t e r n  
r e g i o n s  and  d o m i n a t e d  g r a s s l a n d s  i n  w e s t e r n  T e x a s .  C o l o r a d o  
s t u d i e s  (Wiens 1974a) d u r i n g  t h e  b r e e d i n g  s e a s o n  showed i t  was 
commoner  i n  d ry  y e a r s .  The p r e f e r e n c e  of  Ho rned  L a r k s  f o r  
a r i d  c o n d i t i o n s  may be  m a n i f e s t  i n  t h e i r  e a s t - w e s t  
d i s t r i b u t i o n  p a t t e r n s  ( F i g .  8 C ) . S p e c i e s  t u r n o v e r  i s  h i g h e s t  
b e t w e e n  s h o r t g r a s s  a r e a s  o f  t h e  h i g h  p l a i n s  a nd  t h e  m i d - g r a s s  
a nd  t a l l g r a s s  a r e a s  o f  e a s t e r n  r e g i o n s ,  s o u t h w e s t e r n  r e g i o n s  
a r e  t y p i f i e d  by B a i r d ’ s  S p a r r o w s ,  a nd  McCown’ s  an d  C h e s t n u t -  
c o l l a r e d  l o n g s p u r s ;  s o u t h e a s t e r n  r e g i o n s  by L e C o n t e ' s  and  
S a v a n n a h  s p a r r o w s ,  a nd  S p r a g u e ' s  P i p i t s  ( F ig  8 ) .  The se  
r e g i o n a l  p a t t e r n s  may h a v e  b e e n  a s s o c i a t e d  w i t h  h i s t o r i c a l  
h a b i t a t  d i s t r i b u t i o n s .  Some m i x i n g  f r om  e a s t  and  w e s t  o c c u r s ,  
y e t  no open f i e l d  g r a n i v o r e s  t h a t  o c c u p y  s p a r s e l y  v e g e t a t e d  
a r e a s  o c c u r  i n  h e a v i l y  g r a z e d  h a b i t a t s  i n  s o u t h e r n  T e x a s ,
Some Horned L a r k s  a n d  C h e s t n u t - c o l l a r e d  L o n g s p u r s  wer e  
o b s e r v e d  d u r i n g  t h e  s t u d y  i n  s a n d y  d r y  a r e a s  ( b l o w o u t s )  on t h e  
c o a s t ,  and i n  some l a r g e  c u l t i v a t e d  f i e l d s  ( u n p u b l .  d a t a ) .
Whi l e  h a b i t a t  may i n f l u e n c e  whi ch  s p e c i e s  o cc up y  a 
p a r t i c u l a r  s i t e  and c l i m a t e  c a n  i n f l u e n c e  r e g i o n a l  
d i s t r i b u t i o n s ,  g r a s s l a n d  b i r d s  e x h i b i t  o p p o r t u n i s t i c
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U t i l i z a t i o n  o f  c o n c e n t r a t e d  f o o d  s o u r c e s .  Abundance  o f  
i n d i v i d u a l s  was r e l a t e d  t o  f o o d  a b u n d a n c e .  S a v a nn ah  S p a r r o w s  
we r e  v e r y  common on a s u c c e s i o n a l  f i e l d  i n  c e n t r a l  Oklahoma 
where  s e e d  d e n s i t y  was v e r y  h i g h .  High  d e n s i t i e s  were p r e s e n t  
a t  MGS i n  s o u t h e r n  T e x a s  i n  1 9 76 -77  when a r e c o r d  r a i n f a l l  may 
• h a v e  p r o d u c e d  a b u n d a n t  s e e d  c r o p s .  I n  s o u t h e r n  New Mexico ,  
R a i t t  and Pimm (1975) n o t e d  t h e  c l umped  d i s t r i b u t i o n  o f  s e e d s ;  
t h e s e  a u t h o r s  i n d i c a t e d  t h a t  movements  o f  b i r d s  i n  f l o c k s  wer e  
p r o b a b l y  a d a p t e d  t o  e x p l o i t  t h e s e  l o c a l i z e d  s e e d - r i c h  p a t c h e s .  
T h i s  o p p o r t u n i s m  h a s  been  i m p l i c a t e d  i n  o t h e r  s t u d i e s  ( P u l l i a m  
and R n de r s  1 971 ,  Cody 1 9 7 1 ) .  Many g r a s s l a n d  s p e c i e s  a r e  
g r e g a r i o u s  ( G r z y b o w s k i  1980b) and  may u n d e r g o  l o c a l  movements  
t h a t  p e r m i t  e x p l o i t a t i o n  o f  p a t c h i l y  d i s t r i b u t e d  f o o d s .  Such 
b e h a v i o r  c o u l d  m i n i m i z e  s i t e  t e n a c i t y ,  and c o u l d  r e s u l t  i n  
e r r a t i c  f l u c t u a t i o n s  i n  p o p u l a t i o n  d i s t r i b u t i o n s  of  t h e s e  
s p e c i e s  a t  t h e  l o c a l  l e v e l .  I  n o t e d  l o c a l  f l u c t u a t i o n s  i n  
L a p l a n d  L o n g s p u r s  a n d  E a s t e r n  M ea d o w l a r k s  ( u n p u b l .  d a t a ) .
I n  c e n t r a l  Oklahoma and  w e s t e r n  T e x a s ,  t r e n d s  o f  
i n c r e a s i n g  a b u n d a n c e  f rom LGs t o  HGs were s i g n i f i c a n t  i n  o n l y  
a few c a s e s .  A l l  s a m p l e s  w e r e  combi ned  f o r  a t r e a t m e n t ,  an d  
a n n u a l  v a r i a t i o n  may h av e  o v e r s h a d o w e d  t r e a t m e n t  e f f e c t s .  LGs 
g e n e r a l l y  h a v e  t h e  l o w e s t  s e e d  a b u n d a n c e .  T h e s e  s i t e s  have  
s t a b l e  p e r e n n i a l  g r a s s  s p e c i e s  where r e p r o d u c t i o n  i s  more K- 
s e l e c t e d  (Emlen 197 3 ) .  G r a s s e s  w i t h  h i g h  s e e d  p r o d u c t i o n  a r e  
more  p r e v a l e n t  i n  HGs, o r  r e c e n t l y  c u l t i v a t e d  ( and  t h u s  
d i s t u r b e d )  a r e a s  l e f t  f a l l o w .  The MIX s i t e  had t h e  h i g h e s t  
s e e d  d e n s i t i e s  o f  a n y  h a b i t a t  i n  w e s t e r n  T e x a s .  Thus t h e
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o b s e r v a t i o n  o f  i n c r e a s i n g  b i r d  b i o m a s s  f rom LGs t o  HGs may be 
a t r e n d  i n f l u e n c e d  by t h e  r e p r o d u c t i v e  s t r a t e g i e s  o f  d o m i n a n t  
p l a n t  s p e c i e s .
Av i an  b i o m a s s  e s t i m a t e s  of  summer s t u d i e s  i n  m i d - g r a s s  
p r a i r i e  (Wiens  and  Dyer  1975) we r e  g e n e r a l l y  h i g h e r  t h a n  
e s t i m a t e s  d u r i n g  w i n t e r  i n  c e n t r a l  Oklahoma.  The m i d - g r a s s  
p r a i r i e  e s t i m a t e s  g i v e n  by Wiens  and Dyer (1975) f o r  t h e  
b r e e d i n g  s e a s o n  wer e  9 . 9 5  k g / 1 0 0  ha ( S D = 3 . 4 2 ) ; my w i n t e r  
e s t i m a t e s  were  5 . 8 6  kg (SD=6.06)« My e s t i m a t e s  f o r  t h e  
n o r t h e r n  Oklahoma s i t e s  were  much h i g h e r  ( 8 9 . 4 8  kg i n  HG and  
23.  93 kg i n  MG), B i omas s  e s t i m a t e s  f o r  s h o r t - g r a s s  p l a i n s  
s i t e s  were h i g h e r  i n  summer ( 1 0 . 2 8  k g ;  SD=3.35)  t h a n  i n  w i n t e r  
( 5 . 8 6  kg;  SD=4.62)  i n  w e s t e r n  T e x a s ,  On c u l t i v a t e d  s i t e s ,  
b i o m a s s  e s t i m a t e s  were l o w e r  i n  summer (6 .91  kg ;  SD=4.92) t h a n  
i n  w i n t e r  ( 9 . 5 4  kg;  SD=8.66)  i n  c e n t r a l  Oklahoma.  Biomass  
e s t i m a t e s  f o r  s o u t h e r n  T e x a s  s i t e s  were much h i g h e r  t h a n  i n  
o t h e r  r e g i o n s .
S i n c e  1850,  g r a s s l a n d s  h a v e  u n d e r g o n e  d r a m a t i c  c h a n g e s .  
The l a r g e  h e r d s  o f  b i s o n  h av e  b e e n  r e p l a c e d  by l a r g e  n u mb er s  
o f  c a t t l e .  P r a i r i e  d o g s ,  o n c e  f o r m i n g  e x t e n s i v e  and 
w i d e s p r e a d  c o l o n i e s ,  a r e  now v e r y  l o c a l i z e d  i n  much o f  t h e  
p l a i n s  r e g i o n .  What was once  c o n t i n u o u s  g r a s s l a n d  i s  now 
d i s s e c t e d  by f e n c e l i n e s  i n t o  p a t c h e s  s u b j e c t e d  t o  d i f f e r i n g  
g r a z i n g  p r e s s u r e .  Some o f  t h e  most  p r o d u c t i v e  a r e a s  a r e  
i n t e n s i v e l y  c u l t i v a t e d  a s  l a r g e  m o n o c u l t u r e s .  Many u n g r a z e d  
a r e a s  a r e  r e g u l a r i l y  mowed f o r  hay .  These  p r a c t i c e s  and  u s e s  
m u s t  h a v e  a f f e c t e d  g r a s s l a n d  b i r d  p o p u l a t i o n s .
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Some g r a s s l a n d  b i r d s  a p p e a r  t o  h ave  d i m i n i s h e d  i n  n umber s  
a s  a r e s u l t  o f  t h e  r e d u c t i o n  and a l t e r a t i o n  o f  n a t u r a l  
g r a s s l a n d .  T h e s e  i n c l u d e  s p e c i e s  s u c h  a s  t h e  B a i r d ' s  S p a r r o w  
and S p r a g u e ' s  P i p i t  ( B en t  1950 ,  1 9 5 8 ) .  Even an o p e n  g r a s s l a n d  
s p e c i e s  o f  s p a r s e l y  v e g e t a t e d  a r e a s ,  t h e  McCown' s  L o n g s p u r ,  
h a s  u n d e r g o n e  d r a s t i c  r e d u c t i o n s  i n  i t s  r a n g e  ( Ben t  1968) . 
O t h e r s ,  s u c h  a s  t h e  Horned L a r k ,  have  e x p a n d e d  t h e i r  r a n g e  i n  
r e s p o n s e  t o  open a g r i c u l t u r a l  c o n d i t i o n s  ( H u r l e y  and F r a n k s  
1 9 7 6 ) .  L a p l a n d  L o n g s p u r s  a r e  a b u n d a n t  i n  a g r i c u l t u r a l  a r e a s .  
D ur i n g  w i n t e r  i n  c e n t r a l  Ok l ahoma ,  L a p l a n d  L o n g s p u r s  o c c u r  
m a i n l y  on c u l t i v a t e d  p l o t s ,  p a r t i c u l a r i l y  t h o s e  on which 
s orghum was t h e  f a l l  c r o p .
Box a n d  Chamrod (1966) i n d i c a t e d  a m a j o r  r e p l a c e m e n t  o f  
c o a s t a l  p r a i r i e  by b r u s h  s p e c i e s  i n  s o u t h e r n  T e x a s  d u r i n g  t h e  
p a s t  25 y e a r s  due  t o  a  c h a n g e  i n  g r a z i n g  p r a c t i c e s  and  f i r e  
c o n t r o l ,  A t t w a t e r ' s  P r a i r i e  C h i c k e n  (Tympan u c h u s  c upi d o  
a t t w a t e r i ) h a s  s u f f e r e d  m a j o r  h a b i t a t  l o s s e s  f rom t h i s  
r e d u c t i o n  o f  g r a s s l a n d  (Lehman 1 9 6 8 ) ,  S p e c i e s  s u c h  a s  
L e C o n t e ' s  S p a r r o w s  may a l s o  be  a f f e c t e d ,
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FIGURE 1, Cens us  l o c a t i o n s .  Number o f  s i t e s  e v a l u a t e d  a t  
e a c h  r e g i o n a l  l o c a t i o n  a r e  g i v e n  i n  p a r e n t h e s e s .
FIGURE 2.  T r e a t m e n t  t y p e s  i n  Oklahoma.  (A) L i g h t l y  g r a z e d  
g r a s s l a n d  ( s i t e  ‘Ja i n  December  1975) where  h e i g h t s  of  
d o m i n a n t  p a l a t a b l e  g r a s s e s  ( b l u e s t e m s  F Andr o p o gon g e r a r d i  
a nd  S c h i z a c h y r iu m  s c o p a r i u m  1 a nd  i n d i a n g r a s s  FSor g h a s t r u m  
n u t a n s ] )  a r e  maxi mal  and  u n i f o r m .  (B) M o d e r a t e l y  g r a z e d  
g r a s s l a n d  ( s i t e  2d i n  March 1978) where l i t t l e  b l u e s t e m s  
a r e  f ormed  i n t o  c l u m p s  by g r a z i n g .
FIGURE 3.  S o u t h - c e n t r a l  U n i t e d  S t a t e s  s ho wi n g  1 0 - d e g r e e
/
l a t i t u d e - l o n g i t u d e  b l o c k s  us ed  i n  s u m m a r i z i n g  r e s u l t s  o f  
C h r i s t m a s  B i r d  Coun t  d a t a .
FIGURE h.  C o r r e l a t i o n  ph en ogr am o f  C h r i s t m a s  B i r d  C ou nt  g r i d -  
b l o c k s  b a s e d  on an  u n w e i g h t e d  p a i r - g r o u p  method of  
c l u s t e r  a n a l y s i s  u s i n g  a r i t h m e t i c  a v e r a g e s  ( s e e  t e x t ) .  
Bl ock  numbers  c o r r e s p o n d  t o  t h o s e  i n  F i g .  3.
FIGURE 5.  C o r r e l a t i o n  phenogr am o f  c e n s u s e s  b a s e d  on an
u n w e i g h t e d  p a i r - g r o u p  method o f  c l u s r e r  a n a l y s i s  u s i n g  
a r i t h m e t i c  a v e r a g e s .  R e g i o n  s y m b o l s  a r e :  CO K=c en t ra l  
Okl ahoma,  NOK=nor thern  Okl ahoma,  S T E x = s o u t h e r n  T e x a s ,  
WTSX=western T e x a s ;  s i t e  and  t r e a t m e n t  s y m b o l s  a s  i n  
T a b l e s  1, 3 and  4;  J a n u a r y  d a t e  f o r  y e a r  o f  w i n t e r  s e a s o n  
i s  u s e d .
GRASSLAND BIRD COMMUNITIES 41
FIGURE 6.  C o r r e l a t i o n  ph enogr am o f  s p e c i e s  b a s e d  on an
u n w e i g h t e d  p a i r - g r o u p  method o f  c l u s t e r  a n a l y s i s  u s i n g  
a r i t h m e t i c  a v e r a g e s .  S ee  Appendix  f o r  s p e c i e s  s y m b o l s .
FIGURE 7 .  R e l a t i o n  o f  g r a n i v o r e  b i o m a s s  t o  s e e d  a b u n d a n c e  (of 
s e e d s  1-4  mm i n  l e n g t h ) .
FIGURE 8.  P r o p o r t i o n  o c c u r r e n c e  o f  s p e c i e s  ( s e e  t e x t )  a l o n g  
w e s t - e a s t  and  n o r t h - s o u t h  a x e s  f o r  C h r i s t m a s  B i r d  Count  
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COK la L6 I976>|
STEX 6b M6 1977
COK le M6 1977
COK 4 e 30 1978
STEX 60 MO 1979
STEX 6b MO 1978
STEX 60 LG 1977
STEX 6b MO 1979
STEX 60 MO 1978
STEX 60 MO 1979^
STEX ib LG 19761
STEX 4d eu 1978
STEX Ib MG 1978
STEX 20 MG I977J
STEX 6c HG 1977)
STEX 6d HG 1978
STEX 6c HG 1978
STEX 6d HG 1979J
COK 2o MG 1976
COK 20 MG 1978
COK Ib LG 1977
COK lo MG 1978*'
COK lo MG 1979
COK Ib MG 1979
COK 20 MG 1979
COK 2c MG 1979
COK 2b . MG 1977
COK 2 b MG 1979
NOK 2 d MG 1976
NOK . 3b HG 1976
COK 2b HG 1978
COK 30 HG 1976
NOK 2d MG 1978
COK 2C MG 1977
COK 30 HG 1977
COK 2c MG 197%
COK 4o e u I97é^
COK 40 e u 1977
COK 4 b e u 1977
COK 4 d e u 1977,
COK 4 c e u 1977)
COK 4 c e u 1978
WTEX 5b LG 1978
WTEX Sa LG 1978
WTEX 5b LG 1977
WTEX 5o LG 1979
WTEX 5d HG 1977
WTEX 5d HG 1978
WTEX 5d HG 1979
WTEX 5o HG 1978,
WTEX 5c LG 1978
WTEX 5b LG 1979
'4
CORR -  CENSUSES r » 0 ,893
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TABLE 1. 
t h r o u g h
L o c a t i o n  and t r e a t m e n t  
1979.
s t a t u s  of Oklahoma S t u d y  s i t e s  f rom 1 975
Reg i on C o u n t y L o c a l i t y Symbol 1975-76 1976
W i n t e r  
- 7 7  1 9 77 - 78 1978-79
C e n t r a l Hc Cla in G o l d s b y l a LG MG HG MG
C e n t r a l Grady V i n c e n t l b LG LG MS MS
C e n t r a l Grady M i d d l e b u r g 2a MG MG MG MG
C e n t r a l C l e v e l a n d Norman 2b - MG HG HG
C e n t r a l Gr ady T a b l e r 2c HG MS MG
N o r t h e r n N o b l e Red Rock 2d MG - MG -
C e n t r a l C l e v e l a n d Norman 3a HG HG - -
N o r t h e r n Pawnee Red Rock 3b HG - - -
C e n t r a l C l e v e l a n d Norman 4a CU CU - -
C e n t r a l C l e v e l a n d Norman 4b - CD SG -
C e n t r a l C l e v e l a n d L i b e r t y 4c - CU CU -
C e n t r a l C l e v e l a n d L i b e r t y 4d - CU CU -
L G = L i g h t l y  g r a z e d  g r a s s l a n d ;  MG=Moderate ly  g r a z e d  g r a s s l a n d ;  HG=Heavi ly  
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TABLE .1. J anua ry  p o p u l a t i o n  es t ima t a s ,  t o t a l  b iomass ,  and dominance o f  g r a s s l a n d  b i r d  
communi t ies  i n  western  Texas (nu leshoe N a t i o n a l  W i l d l i f e  R efu ge ) .  P o p u la t io n  





























Lark 231 82 256 182 38 3 0 0 86 108 213
E as te r n
Meadowlark 0 26 0 3 0 0 0 0 0 0 0
Western
Headowlark 3 31 10 23 2 4 4 0 21 6 8
Savannah
Sparrow 0 6 0 0 0 0 0 0 0 0 0
Bai rJ  *s 
Sparrow ia 0 0 20 0 0 0 0 0 0 0
HcCown *s 
Longspur 0 0 62 0 0 0 0 0 0 13 17
Lapland
Longspur 0 0 13 0 0 0 0 0 0 0 0
Chest n u t - c o l l a r e d  
Longspur 16 30 5 14 0 3 0 P 22 35 122
T ota l  b iomass  
(kg/100 ha) 8.77 9.67 11.97 9.63 1.53 0.59 0.43 0 5.63 5. 13 11. 10
Granivore  biomass 
(kg/100 ha) 8 .95 3.53 10.90 6 .85 1.29 0.16 0 0 3.39 4.49 13.25
Dominance 0.77 0.30 0.58 0.58 0.91 0.34 1.00 - 0 .50 0.50 0. 47
ui
ISO
See t e x t  f o r  d e s c r i p t i o n  of s i t e s ,
J
Treatment  symbols a s  i n  Table 1.
53
a
TABLE K. Jan ua ry  p o p u l a t i o n  e s t i m a t e s  of g r a s s l a n d  b i rd  communit ies in  
so u thern  Texas (Welder W i l d l i f e  Foundat ion;  b i r d s / 1 0 0  ha) .
b
6a 6b 6c 6d
c
LG RG MG HG MG MO HG HG HG HG HG 
Sp ec i e s  1977 1978 1979 1977 1978 1979 1977 1978 1979 1978 1979
Common Snipe  0 0 0 0 0  13 0 0 0 0 0
Mourning Dove 38 155 39 0 0 3 60 3 0 ' 0 0
Common Ground
Dove 25 «3 0 0 0 3  0 0 0 0 0
American
Robin C 0 0 0 0 223 0 0 0 0 0
S p rag u e 's
P i p i t  0 0 U 0 0 0 90 28 42 80 5U
ï s l lo v - ru m p ed
Warbler 4 0 0 0 0 3 0 3 0 0 0
Eastern
Mealowlark 18 43 69 218 75 75 102 232 62 53 145
C ard in a l  6 0 0 0 0 0 0 0 0 0 0
American
Go ldf inch 17 0 0 0 0 0 0 3 0 0 0
Savannah
Sparrow 1,228 685 665 1,580 876 919 54 101 141 62 63
Grasshopper
Sparrow 47 71 95 0 201 3 0 3 0 0 0
LeConte’ s
Sparrow 237 95 47 1,888 57 263 0 3 51 0 48
Vesper
Sparrow 119 213 36 0 0 3 0 3 0 0 0
L i n c o l n ' s
Sparrow 24 0 0  35 0 0 0 0 0 0 0
T o ta l  biomass
(kg/100 ha) 38.46 45.91 27.94 78.46 23.93 52.30 21.55 24.58 11.09 8.92 20.15
Granivore  biomass
(kg/100 ha) 30.86 20.84 15.64 54.70 20.76 20.63 1.01 1.38 3.29 1.16 1.78
Dominance 0 .53 0 .33 0.51 0 .44 0 .55  0 .57 0.27 0 .47 0.32 0.34 0.31
a
ce nsuses  i n d i c a t e d  fo r  Janua ry  1977 were a c t u a l l y  ob t a in e d  21-23 December 1976.
b
See t e x t  f o r  d e s c r i p t i o n  of s i t e s .
c
■treatment symbols as in  Table 1.
TABLE 5. P ro p o r t io n  occu rr enca  o f  g r a s s l a n d  b i r d  s p e c i e s  by 10-degrsa  l a t i t u d s - L o n g i t u l e  g r i d - b l o c k s .  D ï t î  
from 1962-72 Chr i s tmas  Bird Counts (see t e x t ) .
G r i d -b lo ck
Species 11 12 13 19 21 22 23 29 31 32 33 39 92 93 99
Horned
Lark o . o u 0 . 9 0 0 . 0 6 0 . 0 2 0 . 0 8 0 .  19 0 . 1 0 0 . 0 2 0 . 0 2 0 . 0 9 0 . 0 1 3 . 0 1
a
r 0 . 0 1 0 . 0 1
S p ra g u e 's
P i p i t 0 0 0 0 0 0 0 . 0 1 T 0 T 0 . 0 5 3 . 1 1 0 0 . 9 7 0 . 3 7
Eastern
Headoulark 0 0 0 . 0 2 0 . 0 1 0 0 0 . 1 2 0 . 0 9 T 0 . 0 1 0 .  23 0 . 1 8 0 0 . 1 9 0 . 2 0
Western
Headowlark 0 . 0 6 0 . 0 5 0 . 0 3 T 0 . 0 9 0 . 0 7 0 . 1 6 0 . 0 2 0 . 0 9 0 . 3 8 0 . 0 5 T 0 . 0 5 0 . 0 9 T
Savannah 
Sparrow 0 0 T T 0 T 0 . 0 2 0 . 0 1 0 . 0 9 0 . 1 6 0 . 1 2 0.  18 0 . 0 2 0 . 2 9 0 . 2 2
Grasshopper
Sparrow 0 0 0 0 0 0 0 0 0 0 . 0 6 0 . 0 7 0 . 3 2 0 . 2 5 0 . 5 8 0 . 0 3
B a i r i ' s  
Sparrow 0 0 0 0 0 0 0 0 0 . 2 6 0 . 1 6 } 0 0 . 9 8 0 . 1 1 e
L ec o n te ’ s 
Sparrow 0 . 0 0 0 0 0 0 0 0 . 2 6 0 . 1 6 0 0 0 . 9 8 P. 11 0
Vesper
Sparrow 0 0 0 T T T 0 . 0 1 r 0 . 0 2 0 . 2 6 0 .  18 0 . 0 5 0 . 1 9 0 . 2 9 0 . 0 1
HcCown* s 
. Longspur 0 0 r 0 0 0 . 0 1 T 0 0 0 . 9 2 0 . 0 7 0 0 0 0
Lapland
Longspur T 0 . 0 1 0 . 1 6 0 . 0 9 T r 0 . 7 8 0 . 0 1 T T T 0 . 0 1 0 0 0
Smith*s 
Longspur 0 0 0 0 0 0 0 . 8 9 0 . 0 2 0 0 . 01 0.  02 3.  10 0 0 0
C h e s t n u t - c o l l a r e d
Longspur 0 0 T 0 T 0 . 0 7 0 . 0 2 0 0 . 1 8 0 . 5 9 0 . 2 0 0 0 0 0
Snow
Bunting 0 . 0 1 T 0 . 3 9 0 . 5 1 T 0 0 0 0 0 3 3 0 0 0
In■P*
a
T= t r a c e  {<.005),
TABLE 6,  Mean biomass |kg/100 ha) an i  i o n in an ca  e s t i m a t e s  t o t  v a r io u s  t r e a tm e n t  
g ro u p in g s  i n  d i f f e r e n t  r e g i o n s  o f  Oklahoma and Texas ,  s t an d a r d  D e v ia t i o n  (SO)
given i n p a r e n t h e s i s . Treatment symbols a s  in Tables  2 and 3.
Biomass


















































































































TABLE 7. Hult iple-range t e s t  comparisons o f  biomass 
for treatments within and among regions.
Central Oklahoma Southern Texas Western Texas
a
LG HG HG CU MG HG LG MIX HG
Total Biomass
b
AA AA AA AA AA
BE BB BB BB BB
CC
Granivo^ Biomass 
AA AA AA AA AA AA
BB BB BB
CC
Headowlark Bi o mass 




Treatment symbols as in Tables 1 and 3.
b
Treatments with same l e t t e r s  are not s i g n i f i c a n t l y  
d if f e r e n t  (P>.05) .
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APPENDIX. Systematic l i s t  of  s p e c ie s  occurring on censuses with 
e c o lo g ic a l  category des ignat ions  and mean weights.
Common name s c i e n t i f i c  name
Species a Mean




























Baird 's  
Sparrow
Ç â £ e l l a
Zen a idura macroura
ColumÈlS.â E âsserina
Colagtes a u r a i s
^ e i o p h i ^  a l p e s t ç i s
lurdus migratorius
Anthus sp ragu e i i
Çorgnata
Sturnel la  magna
Stgrnglla  neglecta  
ÇaÇdinalis card ina les

















Ammodramus b a ir d i i
GRASS
BAIRS
1 0 4 . 0
1 2 0 . 0  
4 1 . 4
1 2 8 . 7  
3 4 . 1
9 5 . 0
2 4 . 8
13.1  
1 0 9 . 0
1 0 6 . 7
4 5 . 8
1 3 . 8
1 8 . 7
1 7 . 7
















Chestnut-col .  
Longspur
Mmosp^za l e c o n t e i i
P o o e c e t e s  gramineus
âEÎ&ella arborea














1 3 . 0  
26.  1 
18 .  8 
17.  5
27 .  6
28.  U
2 7 . 6
2 0 . 7
D— doves; G—granivores;  I — in s e c t i v o r e s  (other than 
meadowlarks); M—meadowlarks.
59
S O CI AL I T Y AND SPACE USE OF GRASSLAND BIRDS DURING WINTER.
1
JOSEPH A. GRZYBOWSKI
D e p a r t m e n t  o f  Z o o l o g y  
U n i v e r s i t y  o f  Okl ahoma,  Norman,  Oklahoma 73019 USA
A b s t r a c t ;  S o c i a l i t y  and s p a c e  use  o f  p a s s e r i n e  b i r d s  
o c c u p y i n g  o pen  g r a s s l a n d s  o f  t h e  s o u t h - c e n t r a l  U n i t e d  S t a t e s  
we r e  e v a l u a t e d  d u r i n g  w i n t e r  i n  r e l a t i o n  t o  v a r i o u s  e c o l o g i c a l  
a t t r i b u t e s .  P a s s e r i n e  b i r d s  i n  t e m p e r a t e  g r a s s l a n d s  a r e  
p r i m a r i l y  g r a n i v o r e us d u r i n g  w i n t e r .  Of t h e  g r a n i v o r e s ,  
s p a r r o w s  were  more s e d e n t a r y ,  t e n d e d  t o  be  s o l i t a r y  and 
o c c u p i e d  t h e  t a l l e r  and  d e n s e r  g r a s s l a n d s ;  t h e  h i g h l y  m o b i l e  
l o n g s p u r s  a n d  h o r n e d  l a r k s  were  more g r e g a r i o u s  and o c c u p i e d  
t h e  s p a r s e r  and s h o r t e r  g r a s s l a n d s .  However ,  s a v a n n a h  
s p a r r o w s ,  when a t  m o d e r a t e  t o  h i g h  d e n s i t i e s  i n  s u i t a b l e  
h a b i t a t ,  f o rmed  g r o u p s  o f  w i d e l y - s p a c e d  i n d i v i d u a l s .  When 
d i s t u r b e d ,  t h e s e  i n d i v i d u a l s  would a g g r e g a t e  a n d  move a l o n g  
p r e d i c t a b l e  c i r c u l a r  p a t h s .
M e a s u r e s  o f  s o c i a l i t y  ( g r ou p  s i z e ,  i n d i v i d u a l  d i s t a n c e ,  
and  p e r c e n t  o f  i n d i v i d u a l s  s o l i t a r y )  were h i g h l y  c o r r e l a t e d  
w i t h  h a b i t a t  v a r i a b l e s  ( v e g e t a t i o n  h e i g h t  and  d e n s i t y )  f o r  a l l  
g r a n i v o r e s ,  b u t  n o t  f o r  s p a r r o w s ,  o r  l o n g s p u r s  a nd  h o r n e d  
l a r k s  s e p a r a t e l y .  No s o l i t a r y  s p e c i e s  o c c u p i e d  s p a r s e ,  
e x p o s e d  h a b i t a t s ,  b u t  one  l o n g s p u r  s p e c i e s ,  t h e  S m i t h ' s
1 Oklahoma D e p a r t m e n t  o f  W i l d l i f e  C o n s e r v a t i o n ,  1801 N o r t h  
L i n c o l n ,  Oklahoma C i t y ,  Oklahoma 73105 OS A.
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L o n g s p u r ,  o c c u r r e d  i n  f l o c k s  i n  d e n s e  b u t  s h o r t  g r a s s .  For  
s p a r r o w s ,  b i r d  d e n s i t y  i n c r e a s e d  w i t h  s e e d  d e n s i t y ;  g r o u p  s i z e  
i n c r e a s e d  w i t h  bo th  b i r d  and  s e e d  d e n s i t y .  Group s i z e  was 
p o s i t i v e l y  c o r r e l a t e d  w i t h  s e e d  d e n s i t y  f o r  l o n g s p u r s .  No 
a s s o c i a t i o n  of  b i r d  d e n s i t y  w i t h  s e e d  d e n s i t y  was f o u n d  i n  
t h i s  g r o u p .
A s o l i t a r y  s t r a t e g y  i s  f a v o r e d  i n  g r a s s l a n d s  where  
c o n c e a l m e n t  f rom p r e d a t o r s  i s  g oo d ,  b i r d  d e n s i t y  (which m i g h t  
a t t r a c t  p r e d a t o r s )  i s  l o w ,  a nd  few p e r c h e s  f o r  a e r i a l  
p r e d a t o r s  a r e  p r e s e n t .  S o l i t a r y  s p e c i e s  were g e n e r a l l y  f ou n d  
i n  low d e n s i t i e s  i n  c o m p a r i s o n  t o  o t h e r  s p e c i e s . L e C o n t e ' s  
s p a r r o w s  were a l w a y s  s o l i t a r y  and o c c u p i e d  g r a s s l a n d s  w i t h  t h e  
d e n s e s t  and  t a l l e s t  v e g e t a t i o n .  L a p l a n d  l o n g s p u r s ,  i n  
c o n t r a s t ,  were h i g h l y  g r e g a r i o u s  and p r e f e r r e d  c u l t i v a t e d  
f i e l d s  ( i n  c e n t r a l  Oklahoma)  d e v o i d  o f  v e g e t a t i o n  c o v e r .
Key w o r d s :  A l a u d i d a e ;  f l u s h  d i s t a n c e ;  F r i n g i l l i d a e ; 
g r a s s l a n d s ;  h a b i t a t  d e n s i t y ;  m e a d o w l a r k s ;  M o t a c i l l i d a e ;  
Oklahoma;  p r e d a t i o n ;  s o c i a l i t y ;  s p a c e  u s e ;  T e x a s ;  w i n t e r .
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INTRODUCTION
S p a t i a l  r e l a t i o n s  o f  b i r d s  a r e  t h e  r e s u l t  o f  n a t u r a l  
s e l e c t i o n  a c t i n g  t o  max i mi ze  an i n d i v i d u a l ' s  f i t n e s s .
F l o c k i n g  may e n h a n c e  t h e  e f f i c i e n c y  o f  f o o d  e x p l o i t a t i o n  
(Crook 1965,  Morse 1970,  Cody 1 9 7 1 ) ,  E n v i r o n m e n t a l  f e a t u r e s ,  
s u c h  a s  n e s t i n g  o r  r o o s t i n g  s i t e s ,  o r  t h e  amou nt  o f  c o v e r ,  can 
a l s o  i n f l u e n c e  s o c i a l i t y  and  s p a c e  u s e  o f  i n d i v i d u a l s  ( D a v i s  
1973,  P o s t  1974,  Snapp  1 976 ,  P u l l i a m  and M i l l s  1 97 7 ,  P l e a s a n t s  
1 9 7 9 ) .  S p a c i n g  p a t t e r n s  and  g r e g a r i o u s  n e s s  can a i d  i n  
p r e d a t o r  a v o i d a n c e  an d  a f f o r d  p r o t e c t i o n  ( B e r t r a m  1978,  B u r t o n  
e t  a l .  1963,  Kanward 1978,  P u l l i a m  1 9 7 3 ) .
P u l l i a m  (1973) a nd  P o w e l l  (1974) s u g g e s t e d  t h a t  
a d v a n t a g e s  o f  e n h a n c e d  f o o d  e x p l o i t a t i o n  and p r e d a t o r  
d e t e c t i o n  may i n t e r a c t  i n  f o r a g i n g  f l o c k s .  An i n d i v i d u a l  
j o i n i n g  a f l o c k  c a n  b e n e f i t  f rom a n o t h e r  g r o u p  member ' s  
d e t e c t i o n  o f  p r e d a t o r s ;  i t  c o u l d  t h u s  r e d u c e  i t s  t i m e  s c a n n i n g  
f o r  p r e d a t o r s  and  i n c r e a s e  i t s  f o r a g i n g  t i m e  w i t h o u t  i n c u r r i n g  
a d e c r e a s e  i n  i t s  p r o b a b i l i t y  o f  a v o i d i n g  p r e d a t i o n .  However ,  
G o s s - C u s t a r d  (1970) and  C a r a c o  (1979) p o i n t e d  o u t  t h a t  g r o u p  
me mbe r sh ip  may have  d i s a d v a n t a g e s ,  s u c h  a s  i n c r e a s i n g  
s u s c e p t a b i l i t y  t o  d i s e a s e  o r  p a r a s i t e s ,  f o r a g i n g  i n t e r f e r e n c e ,  
and i n c r e a s i n g  c o s t s  a s s o c i a t e d  w i t h  i n t r a s p e c i f i c  a g g r e s s i o n .  
S o c i a l i t y  o f  b i r d s  r e f l e c t s  a b a l a n c e  o f  s e l e c t i v e  f o r c e s  
a c t i n g  b o t h  t o  draw o r g a n i s m s  t o g e t h e r  and  s p r e a d  them a p a r t .
T h i s  p a p e r  d e a l s  w i t h  t h e  s p a t i a l  r e l a t i o n s  of  p a s s e r i n e  
b i r d s  o c c u p y i n g  open g r a s s l a n d s  i n  t e m p e r a t e  r e g i o n s  d u r i n g  
w i n t e r .  These  h a b i t a t s '  a r e  r e l a t i v e l y  s i m p l e  i n  s t r u c t u r e
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c om pa r ed  t o  s c r u b  a nd  wo o d l a n d  h a b i t a t s  and  o f t e n  o c c u r  i n  
l a r g e  h om ogen eo us  t r a c t s .  G r a n i v o r y  i s  t h e  p r i m a r y  and  a l m o s t  
e x c l u s i v e  f o r a g i n g  mode o f  g r a s s l a n d  b i r d s ,  f u r t h e r  
s i m p l i f y i n g  t h e  s y s t e m .  C l i m a t i c  s e v e r i t y  and  r e d u c e d  w i n t e r  
day  l e n g t h  n e c e s s i t a t e  e f f e c t i v e  e x p l o i t a t i o n  o f  f o o d  
r e s o u r c e s .
Whi le  mos t  p a s s e r i n e s  a r e  t e r r i t o r i a l  d u r i n g  t h e  b r e e d i n g  
s e a s o n ,  many g a t h e r  i n t o  f l o c k s  d u r i n g  t h e  n o n - b r e e d i n g  
p e r i o d s .  L o n g s p u r s  ( C a l c a r i u s  s p p , ) ,  w i t h  f l o c k i n g  h a b i t s  
(Ben t  1 9 6 8 ) ,  a r e  c h a r a c t e r i s t i c  o f  many open  g r a s s l a n d s ;  y e t  
s o l i t a r y  s p e c i e s ,  p a r t i c u l a r i l y  o f  t h e  g e n e r a  Ammodramus  and  
Ammo s p i z a , c a n  a l s o  be  f o u n d  i n  g r a s s l a n d s  (Murray  1 96 9 ,  
P u l l i a m  1 9 7 5 ) .  G r a s s l a n d s  p r o v i d e  a s i m p l e  homogenous  s e t t i n g  
i n  which  f a c t o r s  a f f e c t i n g  e x t r e m e s  i n  s o c i a l i t y  can  
s i m u l t a n e o u s l y  be a s s e s s e d .  I n  t h e  p r e s e n t  s t u d y ,  I  e v a l u a t e  ■ 
s p a c e  u s e  a n d  s o c i a l i t y  i n  r e l a t i o n  t o  v a r i o u s  r e s o u r c e  
a t t r i b u t e s ,  b i r d  d e n s i t y ,  an d  p r e d a t o r  a v o i d a n c e  s t r a t e g i e s .
METHODS
G r a s s l a n d s  o f  v a r i e d  g r a z i n g  p r e s s u r e  o r  c u l t i v a t i o n  p r a c t i c e s  
i n  s e v e r a l  r e g i o n s  o f  Okl ahoma a n d  T e x a s  were u s e d .  D a ta  were 
c o l l e c t e d  a t  14 s i t e s  f rom t h e  w i n t e r s  o f  1 9 75- 76  t h r o u g h  
197 8 - 7 9 .  The s a m p l i n g  p e r i o d  b e g a n  15 November and e n d e d  15 
F e b r u a r y  f o r  e a c h  s e a s o n .  One Oklahoma s i t e  was a l s o  s a m p l e d  
i n  J a n u a r y  and  F e b r u a r y  1975.  The s i t e s  i n c l u d e d  s e v e n  i n  
c e n t r a l  Oklahoma ( C l e v e l a n d ,  G r a d y ,  and  McCl a i n  c o u n t i e s )  , 
t h r e e  i n  w e s t e r n  T e x a s  ( M u l e s h o e  N a t i o n a l  W i l d l i f e  R e f u g e ,
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B a i l e y  County)  , and  f o u r  on t h e  Sob and  B e s s i e  Welder  W i l d l i f e  
Re f ug e  (San P a t r i c i o  County)  i n  s o u t h e r n  c o a s t a l  T e x a s  ( F i g .
1 ) .  The  s i z e  o f  s i t e s  r a n g e d  f ro m a b o u t  30 ha on t h e  s m a l l e s t  
s i t e s  i n  s o u t h e r n  T e x a s  t o  g r e a t e r  t h a n  100 h a .  S i t e s  were 
c h a r a c t e r i z e d  by t h e i r  u n i f o r m i t y  an d  l a r g e  s i z e ,  t h u s  
m i n i m i z i n g  ed ge  e f f e c t  w i t h  o t h e r  h a b i t a t s .  Two of  t h e  
s o u t h e r n  Te x as  s i t e s  c o n t a i n e d  a b o u t  5% s h r u b  c o v e r .
O t h e r w i s e  t r e e  o r  s h r u b  c o v e r  were  a b s e n t  o r  c o m p r i s e d  l e s s  
t h a n  0.5',? c o v e r ,  c o n s i s t i n g  o f  i s o l a t e d  i n d i v i d u a l  p l a n t s  l e s s  
t h a n  3 m i n  h e i g h t .
S i t e s  were c l a s s i f i e d  on t h e  b a s i s  o f  g r a z i n g  p r e s s u r e  o r  
c u l t i v a t i o n  p r a c t i c e s .  A s i t e  was c o n s i d e r e d  a l i g h t l y  g r a z e d  
g r a s s l a n d  (LG) when t h e  d o m i n a n t  p a l a t a b l e  g r a s s e s  had  
u n i f o r m l y  grown t o  h e i g h t s  a p p r o a c h i n g  t h e i r  maximum p o t e n t i a l  
h e i g h t s .  ' F o r  LGs i n  Oklahoma and  s o u t h e r n  T e x a s ,  maximum 
v e g e t a t i o n  h e i g h t s  r a n g e d  f r o m  1 t o  2 m. I n  w e s t e r n  T e x a s ,  
maximum g r a s s  h e i g h t s  o f  LGs were a b o u t  0 . 5  m. When d o m i n a n t  
p a l a t a b l e  g r a s s e s  o c c u r r e d  i n  d i s t i n c t  c l u m p s ,  t h e  s i t e  was 
d e s i g n a t e d  a m o d e r a t e l y  g r a z e d  g r a s s l a n d  (MG). V e g e t a t i o n  
h e i g h t s  o f  MGs were up t o  1 m i n  Oklahoma,  an d  1 . 5  ra i n  
s o u t h e r n  Te x as .  When t h e  d o m i n a n t  p a l a t a b l e  g r a s s e s  were  
a b s e n t ,  o r  p r e s e n t  o n l y  i n  w i d e l y  s c a t t e r e d  c l u m p s  a n d / o r  
g r a z e d  t o  n e a r  g r o un d  l e v e l ,  t h e  s i t e  was c o n s i d e r e d  a h e a v i l y  
g r a z e d  g r a s s l a n d  (HG). V e g e t a t i o n  h e i g h t s  i n  HGs were l e s s  
t h a n  0 . 5  m on a l l  s i t e s .  The c u l t i v a t e d  s i t e s  were p l a n t e d  
w i t h  w i n t e r  whea t  (T r i t i c u m  a e s t i v um) ; t h e s e  s i t e s  had been  
h a r v e s t e d  o f  a s orghum (Sorghum b i c o l o r )  c r o p  i n  f a l l .  On on e
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c u l t i v a t e d  s i t e ,  o n l y  t h e  h e a d s  o f  t h e  s orghum were r emoved ;  
t h e  f i e l d  was l e f t  f a l l o w  i n  t h i s  c o n d i t i o n  f o r  t h e  w i n t e r  
o b s e r v a t i o n  p e r i o d .  More d e t a i l e d  s i t e  d e s c r i p t i o n s  a r e  g i v e n  
i n  G r zy b o w s k i  ( 1 9 8 0 a ) .
H a b i t a t  v a r i a b l e s  u s e d  w e r e  v e g e t a t i o n  h e i g h t  (HHT) and  
v e g e t a t i o n  d e n s i t y  (HDEN). V e g e t a t i o n  h e i g h t  f o r  a 15 m e t e r -  
s q u a r e  b l o c k  was t h e  a v e r a g e  o f  f o u r  p o i n t  s a m p l e s  a b o u t  1 m
a p a r t ,  and m e a s u r e d  t o  t h e  n e a r e s t  c e n t i m e t e r .  HDEN i s ;
4 25
HDEN = S S X (1)
m=1 k =1 km
where  x i s  t h e  number  o f  v e g e t a t i o n  c o n t a c t s  made w i t h  t h e  
km
t i p  o f  a w i r e  p a s s e d  t h r o u g h  t h e  v e g e t a t i o n  f o r  30 cm a t  t h e  
k t h  h e i g h t  ( a t  10-cm i n t e r v a l s  from 5 t o  240 c m ) , an d  rath 
p o i n t  ( o f  f o u r )  ,
H a b i t a t  p r e f e r e n c e s  were d e t e r m i n e d  i n  t h e  1975- 76  and 
1976-77  s e a s o n s  f o r  e a c h  s p e c i e s  on e a c h  s p e c i f i c  g r a z i n g  
t r e a t m e n t  ( G r zy b ow s k i  1 9 8 0 b ) .  S t r i p s  1 , 000  X 60 m were 
e s t a b l i s h e d  on e a c h  s i t e ,  an d  t h e s e  d i v i d e d  i n t o  15 r a e t e r -  
s q u a r e  b l o c k s .  F r e q u e n c y  o c c u r r e n c e  o f  b i r d  s p e c i e s  i n  t h e  
b l o c k s  was r e c o r d e d  d u r i n g  v i s i t s  t o  e ac h  t r e a t m e n t  t y p e .  The 
s p e c i e s  p r e f e r r e d  h a b i t a t  on a g i v e n  s i t e  was d e t e r m i n e d  by 
a v e r a g i n g  t h e  HHTs an d  HDENs o f  b l o c k s  i n  which  t h e  s p e c i e s  
was o b s e r v e d .  Each b l o c k  u s e d  by a b i r d  s p e c i e s  was w e i g h t e d  
by t h e  f r e q u e n c y  o c c u r r e n c e  o f  t h a t  s p e c i e s  i n  t h e  b l o c k .
A d d i t i o n a l  h a b i t a t  s a m p l i n g  was c o n d u c t e d  t o  c h a r a c t e r i z e  
p r e f e r r e d  h o r n e d  l a r k  an d  c h e s t n u t - c o l l a r e d  l o n g s p u r  h a b i t a t s  
on a IlG i n  w e s t e r n  T e x a s  d u r i n g  t h e  1977-78  and  1978- 79
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s e a s o n s .  T h i r t y  s a m p l e s ,  m e a s u r e d  a s  a b o v e ,  were o b t a i n e d  a t  
l o c a t i o n s  f rom which  t h e s e  s p e c i e s  were f l u s h e d ,  and a v e r a g e d  
t o  p r o v i d e  p r e f e r r e d  h a b i t a t  v a l u e s .
Seed  s a m p l e s  were  o b t a i n e d  i n  J a n u a r y  o f  1978 and 1979 on 
9 o f  t h e  14 s i t e s .  A r e a s  o c c u p i e d  by a s p e c i e s  (as  
c h a r a c t e r i s e d  t h r o u g h  t h e  s p a c e - u s e  d a t a  and  g e n e r a l  
i m p r e s s i o n s  o f  o c c u p i e d  h a b i t a t )  were s a m p l e d .  Seed s a m p l e s  
w i t h i n  t h e s e  h a b i t a t s  were o b t a i n e d  by b r u s h i n g  d e b r i s  f rom 
t h e  s u r f a c e  o f  15 t o  30 r a n d o m l y  s e l e c t e d  p o i n t s ,  e a c h  10 X 10 
cm, i n t o  a c o n t a i n e r .  S e e d s  f rom t h e s e  s a m p l e s  were  s o r t e d  
i n t o  s i z e  c l a s s e s  and  c o u n t e d .  F r e q u e n c y  d a t a  f o r  s e e d s  were  
t r a n s f o r m  ed t o  a volume e s t i m a t e  w i t h  t h e  f o r m u l a :
n 3
SDEN = 2 ( V 3 )  (Tr r  Y X ) , (2)
i=1  i  i  a
where  r  i s  t h e  r a d i u s  o f  mean s e e d  s i z e  i n  t h e  i t h  c l a s s ,  n i s
i
t h e  number  o f  c l a s s e s ,  Y i s  t h e  number  o f  s e e d s  i n  t h e  i t h
i
c l a s s ,  and  X i s  t h e  c o r r e c t i o n  f a c t o r  t o  s t a n d a r d i z e  s e e d  
a
volume ( t o  c u b i c  m i l l i m e t e r s  o f  s e e d s  p e r  s q u a r e  m e t e r  f o r  
s a m p l e  a ) . T h i s  p r o v i d e d  a r e l a t i v e  i n d e x  o f  s e e d  
a v a i l a b i l i t y  among t h e  s i t e s  i n  m i d - w i n t e r .
E s t i m a t e s  o f  b i r d  d e n s i t i e s  were o b t a i n e d  f o r  s i t e s  f rom 
November  t h r o u g h  F e b r u a r y  by t h e  Emlen (1971) s t r i p  me thod .  
J a n u a r y  p o p u l a t i o n  e s t i m a t e s  (December  1976 on s o u t h e r n  Texas  
s i t e s )  f o r  e a c h  s p e c i e s  were  us ed  i n  t h e  a n a l y s i s ;  t h e s e  
e s t i m a t e s  r e p r e s e n t  a m i d - w i n t e r  p e r i o d  when s p e c i e s  
c o m p o s i t i o n  a p p e a r e d  most  s t a b l e  (unpub 1. d a t a )  . One 
e x t r e m e l y  h i g h  e s t i m a t e  o f  L e C o n t e ' s  s p a r r o w  i s  t r e a t e d
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s e p a r a t e l y ,  November  e s t i m a t e s  f o r  h o r n e d  l a r k s  were u s e d  t o  
a v o i d  t h e  b e g i n n i n g  o f  t h e  r e p r o d u c t i v e  p e r i o d  (Bent  1942) .
Two t y p e s  o f  d a t a  c h a r a c t e r i z i n g  s o c i a l i t y  wer e  
c o l l e c t e d :  (1) i n d i v i d u a l  d i s t a n c e  ( IDIS)  ; and  (2) g r o u p  s i z e
( GS IZ ) . The IDIS  was e s t i m a t e d  f o r  p a i r s  o f  i n d i v i d u a l s  
e n c o u n t e r e d  on t h e  g r o u n d  o r  r e c e n t l y  f l u s h e d :  (a) i n  body
l e n g t h s  f o r  d i s t a n c e s  l e s s  t h a n  1 . 5  m; (b) t o  t h e  n e a r e s t  0 . 5  
m f o r  d i s t a n c e s  l e s s  t h a n  5 m; an d  (c) t o  t h e  n e a r e s t  m e t e r  
f o r  d i s t a n c e s  g r e a t e r  t h a n  5 m. F o r  e a c h  i n d i v i d u a l  f o r  which  
t h e  IDIS was o b t a i n e d ,  t h e  d i s t a n c e  and t h e  s p e c i e s '  name were  
r e c o r d e d .  When t h e  n e a r e s t  i n d i v i d u a l  was n o t  a c o n s p e c i f i c ,  
t h e  d i s t a n c e  t o  t h e  n e a r e s t  c o n s p e c i f i c  was a l s o  o b t a i n e d  ( i f  
l e s s  t h a n  25 m) t h r o u g h  d i r e c t  o b s e r v a t i o n ,  o r  by w a l k i n g  
s p i r a l l y  a r o u n d  t h e  b i r d ' s  f l u s h  p o i n t  t o  25 m. F or  s o l i t a r y  
s p e c i e s ,  s p e c i a l  a t t e m p t s  were  made t o  l o c a t e  t h e  n e a r e s t  
c o n s p e c i f i c  t o  a s  f a r  a s  100 ra. D i s t a n c e  e s t i m a t e s  were  
o b t a i n e d  by p a c i n g  when g r e a t e r  t h a n  5 m .  A m a r k e r  was p l a c e d  
a t  t h e  f l u s h  p o i n t  o f  s o l i t a r y  i n d i v i d u a l s  t o  a c t  a s  a 
r e f e r e n c e  when a s e c o n d  i n d i v i d u a l  was e n c o u n t e r e d .
The GSIZ was t h e  number  o f  i n d i v i d u a l s  o f  a s p e c i e s  which  
r e s p o n d e d  s i m i l a r i l y  t o  d i s t u r b a n c e  by t h e  o b s e r v e r ,  o r  wer e  
o b s e r v e d  f o r a g i n g  t o g e t h e r  a s  a u n i t  d i s t i n c t  f r o m  o t h e r  
i n d i v i d u a l s .  G r o u p s  which f l u s h e d  f r o m l o c a t i o n s  w i t h i n  30 m 
o f  e a c h  o t h e r  and  l a t e r  j o i n e d  i n  f l i g h t  ( a s  i n  l o n g s p u r s ) , 
were  c o n s i d e r e d  s e p a r a t e  from e a c h  o t h e r .  I n d i v i d u a l s  i n  
p r o x i m i t y  o f  e a c h  o t h e r  which f l e w  i n  d i f f e r e n t  d i r e c t i o n s  (as  
d i d  o c c a s i o n a l l y  h ap p e n  w i t h  some s p a r r o w  s p e c i e s )  were
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c o n s i c i e r e d  s e p a r a t e  f rom e a c h  o t h e r ,  o n l y  o b s e r v a t i o n s  made 
on t h e  f i r s t  p a s s  t h r o u g h  a s i t e  on e a c h  v i s i t  were  u s e d .  The 
IDIS  a nd  GSIZ o f  i n d i v i d u a l s  known t o  be  moving a h e a d  o f  t h e  
o b s e r v e r  (and o f  b i r d s  whi ch  t h e s e  i n d i v i d u a l s  j o i n e d )  were  
r e c o r d e d  o n l y  o n c e  i n  any  s i t e  v i s i t .  O b s e r v a t i o n s  o f  s i n g l e  
i n d i v i d u a l s  o c c u r r i n g  w i t h  l a r g e r  g r o u p s  o f  o t h e r  s p e c i e s  a r e  
i g n o r e d  i n  t h e  GSIZ a n a l y s i s .  From d a t a  on G S I Z s ,  t h e  p e r c e n t  
o f  s o l i t a r y  i n d i v i d u a l s  (SOL) o f  a s p e c i e s  was c a l c u l a t e d .
T h i s  v a r i a b l e  e s t i m a t e s  t h e  p r o p o r t i o n  o f  i n d i v i d u a l s  a c t i n g  
i n d e p e n d e n t l y  o f  any  o t h e r  i n d i v i d u a l s  o f  t h e i r  own o r  o t h e r  
s p e c i e s .  D a t a  on GSIZ a n d  IDIS were  c o l l e c t e d  f rom 0 . 5  h 
a f t e r  s u n r i s e  t o  1 . 5  h b e f o r e  s u n s e t  t o  a v o i d  e f f e c t s  o f  
b e h a v i o r  a s s o c i a t e d  w i t h  r o o s t i n g .
To e v a l u a t e  r e s p o n s e s  o f  b i r d s  t o  p o t e n t i a l  p r e d a t o r s ,  
f l u s h  d i s t a n c e s  t o  t h e  o b s e r v e r  were o b t a i n e d .  F l u s h  d i s t a n c e  
was t h e  d i s t a n c e  ( t o  t h e  n e a r e s t  me t e r )  a b i r d  would a l l o w  t h e  
o b s e r v e r  w a l k i n g  a t  a m o d e r a t e  p a c e  t o  a p p r o a c h .  Maps were  
made o f  s e v e r a l  o f  t h e  s i t e s ,  a n d  t h e  f l u s h i n g  and  l a n d i n g  
p o i n t s  o f  i n d i v i d u a l s  r e c o r d e d  f o r  up t o  10 c o n s e c u t i v e  
f l u s h e s  t o  e v a l u a t e  h o r i z o n t a l  s p a c e  u s e .  I  made e s t i m a t e s  o f  
t h e  d i s t a n c e  a b i r d  would f l y  when f l u s h e d ;  h o w e v e r ,  t h i s  
p r o v e d  d i f f i c u l t  f o r  l o n g s p u r s  and  h o r n e d  l a r k s . On some 
o c c a s i o n s ,  r e s p o n s e s  o f  b i r d s  t o  v a r i o u s  a e r i a l  p r e d a t o r s  were  
a l s o  r e c o r d e d .
M e a s u r e s  o f  s o c i a l i t y ,  f l u s h  d i s t a n c e , ,  and  b i r d  d e n s i t y  
w e r e  a v e r a g e d  o v e r  w i n t e r  s e a s o n s  a n d  w i t h i n  g r a z i n g  
t r e a t m e n t s  t o  p r o v i d e  a v a l u e  f o r  e a c h  s p e c i e s .  H a b i t a t
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p r e f e r e n c e s  were  d e t e r m i n e d  f o r  a s p e c i e s  o c c u p y i n g  a 
p a r t i c u l a r  g r a z i n g  t r e a t m e n t  ( w i t h i n  a r e g i o n )  d u r i n g  t h e  
1975- 76  and 1976-77  s e a s o n s .  S e ed  d e n s i t i e s  o b t a i n e d  on s i t e s  
d u r i n g  t h e  197 7- 78  and  1 9 7 8 - 7 9  s e a s o n s  w er e  u s e d  t o  
c h a r a c t e r i z e  s e e d  a v a i l a b i l i t y  i n  h a b i t a t s .
D i s t i n c t i o n s  wer e  made i n  w e s t e r n  T e x a s  among HGs g r a z e d  
by c a t t l e  a n d  t h o s e  g r a z e d  p r i m a r i l y  by p r a i r i e  d o g s  (PD) . 
O b s e r v a t i o n s  made i n  J a n u a r y  1979 wer e  s e p a r a t e d  from t h o s e  
made i n  t h e  197 5- 77  t h r o u g h  1 9 7 7 - 7 8  s e a s o n s  f o r  a HG i n  
w e s t e r n  T e x a s ;  t h e  s i t e  was u n g r a z e d  i n  1978 a n d  was i n  i t s  
i n i t i a l  s t a g e s  o f  r e c o v e r y  i n  J a n u a r y  1979.  O b s e r v a t i o n s  o f  
L e c o n t e ' s  S p a r r o w s  on a LG i n  s o u t h e r n  Te x as  were a l s o  
s e p a r a t e d  f rom t h e  o t h e r s  f o r  a n a l y s i s .
Da ta  wer e  d i v i d e d  i n t o  t h o s e  f o r  g r a n i v o r o u s  s p e c i e s  and  
t h o s e  f o r  i n s e c t i v o r o u s  s p e c i e s .  Two b e h a v i o r a l  s u b s e t s  o f  
g r a n i v o r e s  were  a n a l y z e d ;  (1) f l y e r s ,  which  i n c l u d e d  t h o s e  
s p e c i e s  r e g u l a r i l y  o b s e r v e d  moving  b e t w e e n  g r a s s l a n d s ,  and  (2) 
s p a r r o w s ,  which i n c l u d e d  more s e d e n t a r y  s p e c i e s  n e v e r  o b s e r v e d  
f l y i n g  h i g h  o v e r  g r a s s l a n d s .  Of  t h e  f l y e r s ,  l o n g s p u r s  were 
d e a l t  w i t h  s e p a r a t e l y .  T h e s e  d i s t i n c t i o n s  a r e  shown i n  T a b l e  
2 .
To e v a l u a t e  s i m i l a r i t i e s  i n  s o c i a l i t y  among t h e  s p e c i e s  
o c c u r r i n g  on v a r i o u s  t r e a t m e n t s  a n d  r e g i o n s ,  a c l u s t e r  
a n a l y s i s  was p e r f o r m e d .  NT-SYS ( N u m e r i c a l  Taxonomy S y s t e m s ) ,  
a s e r i e s  o f  m u l t i v a r i a t e  c o m p u t e r  p r o g r a m s  d e v e l o p e d  by F . J .  
R o h l f ,  J .  K i s h p a u g h ,  a nd  D. K i r k ,  was e m p l o y e d .  P r o d u c t -  
moraent c o r r e l a t i o n  c o e f f i c i e n t s  were  c a l c u l a t e d  b e t we en  a l l
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p a i r s  o f  s p e c i e s .  C l u s t e r s  were  f o rmed  w i t h  t h e  u n w e i g h t e d  
p a i r - g r o u p  m et hod ,  u s i n g  a r i t h m e t i c  a v e r a g e s ,  and s u mmar i zed  
i n  d e n d r o g r a m s .  The c o p h e n e t i c  c o r r e l a t i o n  was comp ut ed  
b e t we en  v a l u e s  i n  t h e  c o r r e l a t i o n  m a t r i x  and t h e  c o p h e n e t i c  
v a l u e s  o f  t h e  c l u s t e r  a n a l y s i s  t o  a s s e s s  t h e  amount  o f  
d i s t o r t i o n  i n  t h e  d e n d r o g r a m  ( Soka l  and  R o h l f  1 9 6 2 ) .
RESULTS
Mean v a l u e s  o f  s o c i a l  and  é c o l o g i e  v a r i a b l e s  f o r  e a c h  s p e c i e s  
by g r a z i n g  t r e a t m e n t  and  r e g i o n  a r e  g i v e n  i n  T a b l e  1. A l l  
t h r e e  s o c i a l i t y  m e a s u r e s  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
e a c h  o t h e r  (P<.001)  f o r  t h e  m a j o r  g r o u p i n g s  ( g r a n i v o r e s  and  
i n s e c t i v o r e s ) . As GSIZ i n c r e a s e d ,  I D I S  and  SOL d e c r e a s e d  
( r = - 0 . 7 9  and  - 0 . 7 8 ,  r e s p e c t i v e l y  f o r  t h e  g r a n i v o r e  d a t a ;  
r = " 0 . 7 7  and  - 0 . 8 3 ,  r e s p e c t i v e l y  f o r  t h e  i n s e c t i v o r e  d a t a )  . 
C o r r e l a t i o n s  o f  IDIS w i t h  SOL were  0 . 8 4  f o r  t h e  g r a n i v o r e  d a t a  
and  0 , 9 5  f o r  t h e  i n s e c t i v o r e  d a t a .  The e c o l o g i c a l  m e a s u r e s  o f  
HDEN a n d  HFIT were  a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  ( r = 0 . 94 and 
0 . 9 2  f o r  t h e  g r a n i v o r e  and  i n s e c t i v o r e  d a t a ,  r e s p e c t i v e l y ;  
? < . 0 0 1 ) .  SDEN was weak l y  b u t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
EDEN (P<.05)  f o r  g r a n i v o r e s  ( r = 0 . 6 1 )  and s p a r r o w s  ( r = C . 8 3 ) ,  
b u t  n o t  f o r  f l y e r s  ( r = 0 . 2 0 ;  P > . 0 5 ) .
C o r r e l a t i o n s  o f  é c o l o g i e  v a r i a b l e s  w i t h  GSIZ,  I D I S ,  and 
SOL a r e  g i v e n  i n  T a b l e  2 .  F o r  g r a n i v o r e s ,  GSIZ,  I D I S ,  and  SOL 
were  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  HDEN and  HHT ( P < . 0 1 ) .  As 
HDEN ( or  HHT) i n c r e a s e s ,  GSIZ d e c r e a s e s  and  IDIS and SOL 
i n c r e a s e .  IDIS and SOL d e c r e a s e  w i t h  i n c r e a s e s  i n  BDEN
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( P < . 0 5 ) . D e n s i t i e s  o f  L e C o n t e ' s  S p a r r o w s  on one  s i t e  i n  
s o u t h e r n  T e x a s  (December  1976) were  v e r y  h i g h ;  more t h a n  s e v e n  
t i m e s  h i g h e r  t h a n  t h e  n e x t  h i g h e s t  e s t i m a t e  ( G r zy bo ws k i  
1 9 8 0 a ) ,  and f a r  a b o v e  wha t  p r e v i o u s  i n v e s t i g a t o r s  had 
e n c o u n t e r e d  (Enilen 1971;  G. B l a c k l o c k ,  p e r s .  comm. ) .  Mith 
t h i s  o b s e r v a t i o n  i n c l u d e d ,  t h e  c o r r e l a t i o n  o f  SOL w i t h  BDEN 
f o r  g r a n i v o r e s  i s  n o n - s i g n i f i c a n t  ( r = - G . 3 5 ;  P > . 0 5 ) .
F o r  i n s e c t i v o r e s ,  GSIZ i n c r e a s e s  w i t h  BDEN ( r = 0 . 5 7 ;  
P < . 0 5 ) .  C o r r e l a t i o n s  o f  IDIS a nd  SOL w i t h  any  é c o l o g i e  
m e a s u r e s  a r e  n o t  s i g n i f i c a n t  ( P > . 0 5 ;  T a b l e  2) . I n s e c t i v o r e s  
i n c l u d e d  r aead owl a r ks  f s t u r n e l l a  s p p . )  a n d  one  s a m p l e  f o r  
S p r a g u e ' s  p i p i t .  T h i s  l a t t e r  s p e c i e s  was s o l i t a r y  i n  a l l  
e n c o u n t e r s  i n c l u d e d  h e r e  and a t  a l l  o t h e r  l o c a l i t i e s  whe r e  
o b s e r v e d  ( u n p u b l .  d a t a ) .  When t h i s  s p e c i e s  was r e m o v e d ,  t h e  
c o r r e l a t i o n s  o f  BDEN w i t h  GSIZ i n c r e a s e d  t o  0 . 8 1  ( P < . 0 1 ) ,
- 0 . 7 3  (P<.05)  w i t h  I D I S ,  and  - 0 . 8 5  (P<. 05) w i t h  SQL.
D e n s i t i e s  o f  m e a do wl a r k s  were low i n  open g r a s s l a n d s  com pa r ed  
t o  p e r i p h e r a l  and  a d j a c e n t  a r e a s  where  some s c r u b  was p r e s e n t ,  
and a l o n g  r o a d s  ( u n p u b l .  d a t a ) .  Me ado wl a r ks  were n o r m a l l y  
f o u nd  i n  g r o u p s  i n  t h e s e  a r e a s .
When t h e  two g r a n i v o r e  s u b g r o u p s  ( i . e . ,  s p a r r o w s  and 
f l y e r s )  were a n a l y z e d  s e p a r a t e l y ,  t h e  c o r r e l a t i o n s  of  GSIZ,  
I DI S  o r  SOL w i t h  HDEN and  HHT became n o n - s i g n i f i c a n t  ( P > . 0 5 ;  
T a b l e  2 ) ,  Among t h e  s p a r r o w s ,  mean GSIZ n e v e r  e x c e e d e d  4 . 2  
i n d i v i d u a l s ,  and  was 3 . 0  o r  l e s s  i n  a l l  o t h e r  c a s e s  ( T a b l e  1) . 
The h i g h e s t  GSIZ v a l u e s  f o r  s p a r r o w s  o c c u r r e d  f o r  s a v a n n a h  
s p a r r o w s  a t  v e r y  h i g h  d e n s i t i e s  ( 1 , 2 2 8  b i r d s / 1 0 0  h a ) .  HDEN
SPACE USE IN GRASSLAND BIRDS 71
was n e v e r  be l ow 30 v e g e t a t i o n  c o n t a c t s  p e r  g r i d  s a m p l e  f o r  
s p a r r o w  h a b i t a t s .  However ,  l o n g s p u r s  and  h o r n e d  l a r k s  u s u a l l y  
o c c u r r e d  i n  g r o u p s  o f  much g r e a t e r  t h a n  f i v e  i n d i v i d u a l s ,  and  
a l m o s t  a l w a y s  o c c u r r e d  a t  v e g e t a t i o n  d e n s i t i e s  o f  l e s s  t h a n  30 
v e g e t a t i o n  c o n t a c t s .
GSIZ was c o r r e l a t e d  wi th  SDEN f o r  s p a r r o w s  ( r = 0 . 88 ; 
P<.001)  and  f o r  f l y e r s  ( r = 0 . 7 2 ;  P < . 0 1 ) ,  b u t  n o t  f o r  b o t h  t a k e n  
t o g e t h e r  ( T a b l e  2 ) .  The c o r r e l a t i o n  o f  GSIZ w i t h  SDEN f o r  
l o n g s p u r s  was s i g n i f i c a n t  ( r = 0 . 9 h ;  P<.0  1 ) ,  For  s p a r r o w s ,  GSIZ 
i n c r e a s e d  l e s s  i n  r e l a t i o n  t o  SDEN t h a n  f o r  l o n g s p u r s  ( F i g .
2) .
H i g h e r  v a l u e s  o f  GSIZ i n  s p a r r o w s  may h a v e  b e e n  t h e  
r e s u l t  o f  i n c r e a s e d  BDEN. BDEN was s i g n i f i c a n t l y  c o r r e l a t e e d  
w i t h  SDEN ( r = 0 . 7 5 ;  P< .05)  f o r  s p a r r o w  h a b i t a t s .  C o r r e l a t i o n s  
o f  GSIZ w i t h  BDEN was 0 . 8 2  ( P < . 0 1 ) .  A l l  t h e  v a r i a t i o n  on GSIZ 
was r e c o r d e d  w i t h i n  s a v a n n a h  s p a r r o w s .  As BDEN o f  s a v a n n a h  
s p a r r o w s  i n c r e a s e d ,  i n d i v i d u a l s  were  c l o s e r  t o g e t h e r ,  a n d ,  a t  
h i g h  d e n s i t i e s ,  t e n d e d  t o  r e s p o n d  t o g e t h e r .  GSIZ was 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  BDEN f o r  s a v a n n a h  s p a r r o w s  
( r = C . 9 5 ;  P<.01)  .
SOL was i n v e r s e l y  c o r r e l a t e d  w i t h  SDEN f o r  s p a r r o w s  
( r = - 0 . 8 0 ;  P < . 0 1 ) .  SOL was a s s o c i a t e d  w i t h  BDEN ( r = - 0 . 7 6 ;  
P < . 0 1 ) .  T h r e e  o f  t h e  f i v e  s p a r r o w  s p e c i e s  ( L e C o n t e ' s  s p a r r o w ,  
g r a s s h o p p e r  s p a r r o w ,  and B a i r d ’ s  s p a r r o w )  were  a l w a y s  s o l i t a r y  
and o c c u r r e d  i n  r e l a t i v e l y  s e e d - p o o r  h a b i t a t s  ( T a b l e  1 ) .
F o r  l o n g s p u r s ,  t h e  c o r r e l a t i o n  o f  IDIS w i t h  SDEN was 
- 0 . 9 0  ( P < . 0 1 ) .  L a p l a n d  l o n g s p u r s  o c c u r r e d  i n  h a b i t a t s  w i t h
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h i g h  SDEN c o m p a r e d  t o  S m i t h ' s  l o n g s p u r s  ( T a b l e  1) . I DIS  was 
l o w e r  among l a p l a n d  t h a n  S m i t h ' s  l o n g s p u r s .  C h e s t n u t - c o l l a r e d  
l o n g s p u r s  m a i n t a i n e d  t h e  h i g h e s t  IDIS o f  a l l  t h e  l o n g s p u r s  i n  
h a b i t a t s  w i t h  t h e  l o w e s t  SDEN.
A c l u s t e r  a n a l y s i s ,  u s i n g  t h e  f o u r  é c o l o g i e  and  t h r e e  
s o c i a l i t y  m e a s u r e s  a b o v e ,  and  a l s o  t h e  f l u s h  r e s p o n s e s ,  a s  
v a r i a b l e s ,  s u m m a r i z e s  s i m i l a r i t i e s  o f  s p e c i e s  by t r e a t m e n t  and 
r e g i o n  ( F i g .  3 ) .  T h r e e  g r o u p s  a r e  t h u s  d i s t i n g u i s h e d :  one
composed  o f  s p a r r o w s ,  wh er e  t h e  s p e c i e s  a r e  s o l i t a r y  and  
o c c u p y  t a l l  and d e n s e  h a b i t a t s ;  one c o n t a i n i n g  h o r n e d  l a r k s  
and  l a p l a n d  l o n g s p u r s  wh er e  t h e  s p e c i e s  a r e  h i g h l y  g r e g a r i o u s  
i n  s p a r s e  h a b i t a t s ;  and  a g r o u p  w i t h  i n t e r m e d i a t e  h a b i t a t  and  
s o c i a l i t y  c h a r a c t e r i s t i c s .  When s o c i a l i t y  m e a s u r e s  were 
removed  i n  t h e  c l u s t e r  a n a l y s i s ,  t h e  r e s u l t s  wer e  v e r y  
s i m i l a r .  T h u s ,  é c o l o g i e  c h a r a c t e r i s t i c s  a r e  a n  i n d i c a t o r  o f  
s o c i a l i t y .
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S p a c e  u s e  p a t t e r n s  e x h i b i t e d  by g r a s s l a n d  b i r d s  a r e  d e p i c t e d  
i n  F i g .  h . Each  s q u a r e  r e p r e s e n t s  a n  a r e a  w h i c h  i s  l a r g e  
r e l a t i v e  t o  t h e  i n d i v i d u a l  b i r d .  S p a ce  u s e  p a t t e r n s  v a r y  f rom 
t h o s e  o f  t h e  L e C o n t e ' s  s p a r r o w  (Type 1 ) ,  wh er e  i n d i v i d u a l s  
a p p e a r  t e r r i t o r i a l ,  t o  t h o s e  of  s p e c i e s  l i k e  l a p l a n d  l o n g s p u r s  
(Type 4b) , wher e  i n d i v i d u a l s  u t i l i z e  l a r g e  c o n t i n u o u s  a r e a s ,  
b u t  where t h e  d i s t r i b u t i o n  o f  i n d i v i d u a l s  a t  a n y  t i m e  i s  
h i g h l y  c l u m p e d .  P a t c h y  u s e  o f  g r a s s l a n d  h a b i t a t s  i s  e x h i b i t e d  
by g r e g a r i o u s  s p e c i e s  (Type 4a) and  s o l i t a r y  s p e c i e s  (Type
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2b) . Each  t y p e  i s  d i s c u s s e d  b e l o w ,
L e C o n t e ' s  s p a r r o w s  were  s o l i t a r y .  On a LG i n  c e n t r a l  
Okl ahoma,  t h e y  c o u l d  r e g u l a r l y  and  p r e d i c t a b l y  be l o c a t e d  
w i t h i n  p a r t i c u l a r  15-m g r i d - b l o c k s .  T h e i r  l o c a t i o n s ,  made 
f rom p l o t s  o f  t h e i r  f l u s h  r o u t e s  t a k e n  f rom December  1975 
t h r o u g h  F e b r u a r y  1976 ( F i g .  5 ) ,  s t r o n g l y  i m p l i c a t e  a c t i v e  
s p a c i n g  m e c h a n i s m s ,  and  p e r h a p s  t e r r i t o r i a l i t y .  For  e a c h  p a i r  
o f  " t e r r i t o r i e s "  in  F i g .  5 whi ch  b o r d e r  e a c h  o t h e r ,  t h e  two 
b i r d s  were  f l u s h e d  w i t h i n  s e v e r a l  m i n u t e s  o f  e a c h  o t h e r  on a t  
l e a s t  one  o c c a s i o n .  On f o u r  o c c a s i o n s ,  when L e C o n t e ' s  
s p a r r o w s  f l u s h e d  a s e c o n d  t i m e  r e t u r n e d  i n  t h e  d i r e c t i o n  o f  
t h e i r  o r i g i n a l  f l u s h ,  a s e c o n d  s p a r r o w  was f l u s h e d  j u s t  beyond  
t h e  f i r s t  b i r d ' s  l a n d i n g  p o i n t .  B o u n d a r i e s  f o r  b i r d  movements  
w e r e  d i f f i c u l t  t o  a s s e s s  f o r  one  a r e a  ( d e l i m i t e d  by d a s h e d  
l i n e s  i n  F i g .  5) o c c u p i e d  by a t  l e a s t  f o u r ,  b u t  p e r h a p s  e i g h t ,  
i n d i v i d u a l s .  Many o f  t h e i r  f l u s h  p a t h s  c r o s s e d  e a c h  o t h e r .
On one s o u t h e r n  T e x a s  s i t e  w hi ch  s u p p o r t e d  a v e r y  h i g h  d e n s i t y  
o f  L e C o n t e ' s  s p a r r o w s ,  s p a c i n g  p a t t e r n s  were s o  r e g u l a r  i n  
some p a t c h e s ,  t h a t  a s  many a s  12 t o  17 d i f f e r e n t  b i r d s  ( t h r e e  
o c c a s i o n s )  were f l u s h e d ,  o ne  e v e r y  f i v e  t o  s e v e n  s t e p s ,  b u t  no 
c l o s e r .  T he s e  l a t t e r  o b s e r v a t i o n s  f u r t h e r  s u g g e s t  a c t i v e  
s p a c i n g  m e c ha n i s ms  i n  t h i s  s p e c i e s ,
B a i r d ' s  and g r a s s h o p p e r  s p a r r o w s  were  a l s o  s o l i t a r y  on 
LGs i n  w e s t e r n  and  s o u t h e r n  T e x a s ,  r e s p e c t i v e l y .  Few 
o b s e r v a t i o n s  o f  t h e s e  s p e c i e s  were  made b u t  t h e y  a p p e a r e d  t o  
e x h i b i t  s p a c i n g  p a t t e r n s  o f  t y p e  2a ( F i g .  4 ) .  D i s t a n c e s  
f l u s h e d  by B a i r d ' s  s p a r r o w s  w er e  more t h a n  t r i p l e  t h o s e  f o r
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o t h e r  s o l i t a r y  s p e c i e s .  Of 14 i n i t i a l  f l u s h e s  o f  B a i r d ' s  
S p a r r o w s ,  t h r e e  b i r d s  f l e w  t o  l a n d i n g  p o s i t i o n s  beyond  t h e  
r e s o l u t i o n  o f  t h e  o b s e r v e r  w a t c h i n g  w i t h  7X35 b i n o c u l a r s .
B i r d s  were  o b s e r v e d  i n  two o f  t h r e e  l o c a t i o n s  f rom which  an 
i n d i v i d u a l  was e a r l i e r  r e mo ve d .  On one  o c c a s i o n ,  a B a i r d ' s  
s p a r r o w  l a n d e d  w i t h i n  5 m o f  a s e c on d  s p a r r o w .  Doth f l u s h e d  
i n  o p p o s i t e  d i r e c t i o n s  a s  was t h e  c a s e  w i t h  L e C o n t e ' s  and 
g r a s s h o p p e r  s p a r r o w s  f l u s h e d  f rom a d j a c e n t  l o c a t i o n s .
S av an n ah  s p a r r o w s  were v a r i a b l e  i n  t h e  u se  o f  s p a c e .
They e x h i b i t e d  t y p e  2b s p a c i n g  p a t t e r n s  ( F i g .  4) on a LG i n  
c e n t r a l  Oklahoma wher e  d i s t i n c t  p a t c h e s  ( w i t h  l o w e r  v e g e t a t i o n  
h e i g h t  and d e n s i t y  t h a n  t h e  s i t e  means ;  G r z y b o w s k i  1980b)  wer e  
r e g u l a r i l y  u t i l i z e d .  On l y  1 b i r d / p a t c h  o c c u r r e d  i n  t h e  
s m a l l e s t  p a t c h e s .  B i r d s  i n  p a t c h e s  o c c u p i e d  by more t h a n  o ne  
i n d i v i d u a l  were  n o r m a l l y  s o l i t a r y ,  b u t  f l e w  n e a r  e a c h  o t h e r  
when d i s t u r b e d .  On HGs i n  Oklahoma,  where  p a t c h i n e s s  o f  
h a b i t a t  was n o t  d i s t i n c t i v e ,  b i r d s  e x h i b i t e d  t y p e  2a s p a c i n g  
p a t t e r n s  s i m i l a r  t o  B a i r d ' s  s p a r r o w s  i n  w e s t e r n  T e x a s .
On some s i t e s ,  where  s a v a n n a h  s p a r r o w  d e n s i t i e s  were  
h i g h ,  t h e  t y p e  3 s p a c i n g  p a t t e r n  ( F i g .  4) was o b s e r v e d .  
S a v a n n a h  s p a r r o w s  were  w i d e l y  s p a c e d  when f i r s t  e n c o u n t e r e d ,  
b u t  o f t e n  j o i n e d  i n  g r o u p s  when d i s t u r b e d .  On a r e a s  where  
m o d e r a t e  t o  h i g h  d e n s i t i e s  o c c u r r e d ,  t h e s e  g r o u p s  would 
c o n t i n u e  t o  grow i n  numbers  a s  I  p r o g r e s s i v e l y  c h a s e d  b i r d s  
a b o u t  t h e  a r e a .  The g r o u p s  would t r a v e l  c i r c u l a r  p a t h s  w i t h i n  
c e r t a i n  b o u n d s .  F i g .  6 shows  a r e a s  o c c u p i e d  by g r o u p s  of  
s p a r r o w s  on an Oklahoma s i t e .  B o u n d a r i e s  o f  a r e a s  u t i l i z e d  by
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g r o u p s  were much l e s s ,  w e l l  d e f i n e d  on a s o u t h e r n  Texas  s i t e
wher e  d e n s i t i e s  were v e r y  h i g h .  U n l i k e  t h e  O k l a h o m a - s i t e  
b i r d s ,  t h e  p a t h s  o f  g r o u p s  i n  s o u t h e r n  T e x as  o v e r l a p p e d  and 
c o u l d  n o t  c l e a r l y  be  d e f i n e d .
T h a t  s a v a n n a h  s p a r r o w s  on  s o u t h e r n  T e x a s  s i t e s  f o r me d  
p e r s i s t e n t  s o c i a l  u n i t s  i s  d o u b t f u l .  I f  a s p a r r o w  was f l u s h e d
w h i l e  o t h e r  b i r d s  were i n  t h e  a i r ,  i t  would j o i n  t hem,  even  i f
i t  meant  f l y i n g  i n  a p a t h  a r o u n d ,  r a t h e r  t h a n  away f r o m ,  t h e  
o b s e r v e r .  However ,  i n d i v i u d a l s  f l u s h e d  a t  a t i m e  when no 
o t h e r  b i r d s  were i n  t h e  a i r  u s u a l l y  f l e w  a h e a d  o f  t h e  
o b s e r v e r ,  e v e n  i f  t h i s  d i r e c t i o n  was away f rom a l r e a d y  g r o u p e d  
s a v a n n a h  s p a r r o w s .  B i r d s  f l u s h e d  s u b s e q u e n t l y ,  b u t  w h i l e  t h e  
f i r s t  b i r d  was s t i l l  a i r b o r n e ,  would j o i n  t h i s  f i r s t  
i n d i v i d u a l .  The d i r e c t i o n  o f  t r a v e l  o f  s u b s e t s  o f  p o t e n t i a l l y  
l a r g e r  g r o u p s  c o u l d  c h a n g e  i n  t h i s  ma n n e r .  However ,  l o c a t i o n  
c a l l s  o f  an i n d i v i d u a l  o r  i n d i v i d u a l s  on t h e  g r o u n d  o f t e n  
a t t r a c t e d  a newl y  f l u s h e d  b i r d .  L i t t l e  s y n c h r o n y  among 
i n d i v i d u a l s  i n  a g r o u p  was e v i d e n t .  B i r d s  on t h e  g r o u n d  a t  
t h e  h i n d  e dge  o f  a g r o u p  o f t e n  f l u s h e d  f o r w a r d  i n  s u b g r o u p s  o f  
one t o  20 i n d i v i d u a l s .  Gr ou ps  of  up t o  65 an d  75 b i r d s  were  
o b s e r v e d  on t h e  s o u t h e r n  T e x a s  and  Oklahoma s i t e s .
On one Oklahoma s i t e ,  a b o u t  30 s a v a n n a h  s p a r r o w s  which 
f o r me d  i n t o  a g r o u p  c o u l d  be  c h a s e d  t o  t h e  edge  o f  t h e i r  
c o v e r ,  where  t h e y  c i r c l e d  b a c k  and d i s p e r s e d  a s  s o l i t a r y  
b i r d s .  A r e p e a t  p e r f o r m a n c e  o c c u r r e d  i n  0 . 5  h ,  when a l l  b i r d s  
w e r e  d i s p e r s e d  s i n g l y .  T h i s  b e h a v i o r  was n o t e d  o v e r  and o v e r  
a g a i n  on my o t h e r  v i s i t s  t o  t h e  s i t e .  B a s i c a l l y ,  s a v a n n a h
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s p a r r o w s  on t h i s  s i t e  m a i n t a i n e d  s o l i t a r y  b e h a v i o r  e x c e p t  when 
d i s t u r b e d .
S m i t h ' s  a n d  c h e s t n u t - c o l l a r e d  l o n g s p u r s  were  g r e g a r i o u s  
b u t  f r e q u e n t e d  s p e c i f i c  p a t c h e s  o f  a g r a s s l a n d  s i t e  (Type 4 a ;  
F i g .  4) . F i g .  7 a  a n d  7B shows s p a c e  u se  by S m i t h ' s  and 
c h e s t n u t - c o l l a r e d  l o n g s p u r s ,  r e s p e c t i v e l y ,  on a HG s i t e  i n  
c e n t r a l  Oklahoma.  C h e s t n u t - c o l l a r e d  l o n g s p u r s  were much more 
common on t h i s  s i t e  i n  N ov ember ,  b e f o r e  S m i t h ' s  l o n g s p u r  
a r r i v e d ;  S m i t h ' s  was more a b u n d a n t  i n  m i d - w i n t e r .  Use by 
S m i t h ' s  a p p e a r s  t o  f a v o r  p a r t i c u l a r  p a t c h e s  which were 
c h a r a c t e r i z e d  by d e n s e  g r o w t h  o f  t h r e e - a w n  (Ari s t i d e s p . )  and  
s i l v e r  b e a r d g r a s s  (A n d r o pogon s a c c h a r o i d e s ; u n p u b l .  d a t a ) ; 
c h e s t n u t - c o l l a r e d  l o n g s p u r s  o c c u r  m o s t l y  i n  p o c k e t s  o f  
s p a r s e r ,  b u t  s i m i l a r  v e g e t a t i o n  ( T a b l e  1; G r z y b o w s k i  1980b) 
b e t w e e n  a r e a s  u s e d  by S m i t h ' s  l o n g s p u r s  ( F i g .  7 A and B) . 
S m i t h ' s  l o n g s p u r s  o b s e r v e d  on two o t h e r  s i t e s  a l s o  f a v o r e d  
d e n s e  p a t c h e s  o f  t h r e e  awn a n d  s i l v e r  b e a r d g r a s s  ( u n p u b l .  
d a t a ) .  C h e s t n u t - c o l l a r e d  l o n g s p u r s  o b s e r v e d  on MGs, wher e  no 
o t h e r  l o n g s p u r  s p e c i e s  o c c u r r e d ,  u s e d  p a r t i c u l a r  a r e a s  
e x t e n s i v e l y  d u r i n g  one  w i n t e r  s e a s o n  ( u n p u b l .  d a t a )  , When 
d i s t u r b e d  i n  t h e s e  c i r c u m s t a n c e s ,  t h e s e  s p e c i e s  would move i n  
a g r o u p  t o  a n o t h e r  s i m i l a r  p a t c h .
L a p l a n d  l o n g s p u r s  a n d  h o r n e d  l a r k s  a r e  g e n e r a l l y  
g r e g a r i o u s .  They e x h i b i t e d  t y p e  4b s p a c i n g  p a t t e r n s  ( F i g .  4) . 
L a p l a n d  l o n g s p u r s  on mos t  c u l t i v a t e d  s i t e s  i n  c e n t r a l  
Oklahoma,  and  h o r n e d  l a r k s  on a p r a i r i e  dog to wn  i n  w e s t e r n  
T e x a s  o c c u p i e d  e x t e n s i v e  and  c o n t i n u o u s  a r e a s  o f  t h e i r  s i t e .
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However ,  a t  any  one  t i m e  t h e i r  d i s t r i b u t i o n  was c l u m p e d .  IDIS 
f o r  t h e s e  s p e c i e s  was low ( T a b l e  1 ) ,  They wer e  o f t e n  o b s e r v e d  
f l y i n g  o v e r h e a d  f rom most  g r a s s l a n d  s i t e s ,  an d  o f t e n  f r o m  n o n ­
g r a s s l a n d  s i t e s  i n  l o o s e l y  s p a c e d  g r o u p s .
I n  w e s t e r n  T e x a s ,  s e e d  d e n s i t i e s  were  g e n e r a l l y  l o w e r  
t h a n  i n  Ok lahoma .  I n  two y e a r s  o f  t h e  s t u d y ,  c h e s t n u t ?  
c o l l a r e d  l o n g s p u r s  were w i d e l y  s c a t t e r e d  d u r i n g  t h e  day 
( 0 8 3 0 - 1 6 0 0  h ) . S i n g l e  b i r d s  were  l o c a t e d .  One v e r y  w i d e l y  
s p a c e d  g r o u p  o f  16 was l o c a t e d  ( i n  19 d a y s  o f  o b s e r v a t i o n ) ,  i n  
a d d i t i o n  t o  o t h e r  g r o u p s  o f  f i v e ,  s e v e n ,  and  11.  A l l  o t h e r
o b s e r v a t i o n s  wer e  o f  one o r  two b i r d s .  Seed  a b u n d a n c e  was low
c o mp a r e d  t o  o t h e r  s i t e s ,  and  may a c c o u n t  f o r  t h e  s o l i t a r y
f o r a g i n g  b e h a v i o r  o f  t h e s e  b i r d s .  T h e s e  b i r d s  e x h i b i t e d  t y p e
2c s p a c i n g  p a t t e r n s  ( F i g .  4 ) .  In  J a n u a r y  1979 ,  one o r  two 
g r o u p s  o f  c h e s t n u t - c o l l a r e d  l o n g s p u r s  ( n u m b e r i n g  a b o u t  18 t o  
30) were l o c a t e d  on a h e a v i l y  g r a z e d  s i t e  i n  p a t c h e s  w h er e  
t h r e e - a w n  was c o n s p i c u o u s ;  t h e y  e x h i b i t e d  t y p e  4a s p a c i n g  
p a t t e r n s  ( F i g .  4) . SDEN was a l s o  h i g h e r  i n  t h e s e  p a t c h e s  t h a n  
i n  o t h e r  a r e a s  where  s i n g l e  b i r d s  o c c u r r e d .
PREDATOR AVOIDANCE 
P r e d a t o r  a v o i d a n c e  may a l s o  i n f l u e n c e  s o c i a l i t y ,  and  may 
be r e s p o n s i b l e  f o r  some o f  t h e  p a t t e r n s  o b s e r v e d .  S o l i t a r y  
s p e c i e s  o c c u r r e d  o n l y  i n  t h e  g r a s s l a n d s  w i t h  h i g h  HDEN. 
G r e g a r i o u s  s p e c i e s  o c c u r r e d  i n  h a b i t a t s  w i t h  low o r  
i n t e r m e d i a t e  HDEN. S o l i t a r y  p a s s e r i n e s  n e v e r  o c c u r r e d  i n  
s p a r s e l y  v e g e t a t e d  g r a s s l a n d s .
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C o n c e a l m e n t  c o u l d  be  an  e f f e c t i v e  method o f  a v o i d i n g  
p r e d a t o r s  f o r  L e C o n t e ’ s ,  g r a s s h o p p e r ,  and B a i r d ’s  s p a r r o w s .  
The y  o c c u r  i n  t h e  d e n s e s t  h a b i t a t s  i n  t h e i r  r e g i o n ,  and h a ve  
v e r y  low f l u s h  d i s t a n c e s  ( 2 . 0 ,  4 . 5 ,  and  3 . 4  m, r e s p e c t i v e l y ) .  
L e C o n t e ’ s  s p a r r o w s  were r e l u c t a n t  t o  f l u s h  c o n s e c u t i v e  t i m e s  
when c h a s e d .  Of 320 a t t e m p t s ,  144 c o u l d  be f l u s h e d  t w i c e  and 
o n l y  29 o f  t h e s e  144 w e r e  f l u s h e d  t h r e e  t i m e s .  None c o u l d  be 
f l u s h e d  f o u r  c o n s e c u t i v e  t i m e s .  T h e i r  s h o r n  f l u s h  d i s t a n c e s  
h e l p  them a v o i d  p r e d a t o r s ,  s i n c e  d e n s e  g r a s s  makes  t h e  
p r o b a b i l i t y  o f  d e t e c t i o n  low.  Ground p r e d a t o r s  c a n  be 
d e t e c t e d  by s ou nd  i n  d e n s e  g r a s s .  B e c a u s e  o b s e r v a b i l i t y  o f  
p r e d a t o r s  by s p a r r o w s  i s  a l s o  h a m p e r e d ,  a s p a r r o w  f l u s h i n g  t o o  
s o o n  may f l y  t o w a r d s  a  p r e d a t o r .  I n  open  g r a s s l a n d ,  a e r i a l  
p r e d a t o r s  have  few p e r c h e s  f rom which  t o  o b s e r v e  a c t i v i t i e s ,  
f u r t h e r  e n h a n c i n g  p r e d a t o r  a v o i d a n c e  f o r  s p a r r o w s .
However ,  f o r  h i g h  HDEN t o  be u s e d  most  e f f e c t i v e l y  i n  
p r e d a t o r  a v o i d a n c e ,  BDEN a l s o  n e e d s  t o  be low.  J u s t  a s  BDEN 
i s  c o r r e l a t e d  w i t h  SDEN, so  would  we e x p e c t  t h e  r e l a t i o n  o f  
p r e d a t o r s  w i t h  t h e i r  s p a r r o w  p r e y .  High  BDEN i n c r e a s e s  t h e  
c h a n c e s  o f  a p r e d a t o r  e n c o u n t e r i n g  a p r e y .  .The h a b i t a t s  i n  
Oklahoma a n d  w e s t e r n  T e x a s  w i t h  t h e  d e n s e s t  and  t a l l e s t  
v e g e t a t i o n  have  t h e  l o w e s t  s e e d  d e n s i t i e s  ( T a b l e  1) . T h us ,  
t h e s e  h a b i t a t s  a r e  p r e d i c t a b l y  food  s p a r s e .  P e r s i s t e n t  
s o l i t a r y  h a b i t s  f o r  s p e c i e s  o c c u p y i n g  t h e s e  h a o i t a t s  may have  
e v o l v e d  i n  r e s p o n s e  t o  t h i s  c o n d i t i o n  (ever,  t h o u g h  
e x c e p t i o n a l l y  h i g h  d e n s i t i e s  were  r e c o r d e d  on one s i t e ) . BDEN 
would be  h i g h e r  i n  a d j a c e n t  h a b i t a t s ,  a t t r a c t i n g  p r e d a t o r s  t o
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t h e s e  r e l a t i v e l y  b i r d - r i c h  a r e a s .
S m i t h ' s  l o n g s p u r s  o c c u r r e d  i n  d e n s e  p a t c h e s  o f  t h r e e - a w n  
and  s i l v e r  b e a r d g r a s s .  The v e g e t a t i o n  i n  t h e s e  g r a s s l a n d s  i s  
n o t  a s  t a l l  a s  h a b i t a t s  o f  L e C o n t e ' s  and  g r a s s h o p p e r  s p a r r o w s ,  
b u t  were  g e n e r a l l y  s e e d - r i c h  c ompar ed  t o  a d j a c e n t  
m i c r o h a b i t a t s .  H i g h e r  s e e d  d e n s i t i e s  w i l l  a t t r a c t  more b i r d s .  
S i n c e  BDENs w i l l  a l s o  be  h i g h e r ,  b i r d  p r e d a t o r s  c o u l d  
p o t e n t i a l l y  move p r o f i t a b l y  f rom p a t c h  t o  p a t c h .  S m i t h ' s  
l o n g s p u r s  a r e  g r e g a r i o u s .  When d i s t u r b e d ,  t h e i r  g r o u p s  f l y  up 
c a l l i n g .  The r e s p o n s e  o f  t h e  g r o u p  may s e r v e  t o  d i s t r a c t  
p r e d a t o r s '  a t t e n t i o n  f rom any  o ne  i n d i v i d u a l ,  and  t h u s  s e r v e  
i n  p r e d a t o r  a v o i d a n c e  (Vine  1971 ,  Kenward 1 9 7 8 ) .  A s o l i t a r y  
s t r a t e g y  may n o t  be a s  s u c c e s s f u l  f o r  t h i s  s p e c i e s .  B e c a u s e  
one  i n d i v i d u a l  would e l i c i t  a g r o u p  f l u s h  r e s p o n s e  ( p e r s .  
o b s . )  , f l o c k i n g  a i d s  i n  e a r l i e r  d e t e c t i o n  of  p r e d a t o r s  f o r  
m o s t  g r o u p  members.
F l o c k i n g  c a n  e n h a n c e  p r e d a t o r  d e t e c t i o n  a s  w e l l  a s  c r e a t e  
d i s t r a c t i o n  t a c t i c s  a g a i n s t  p r e d a t o r s  i n  s p a r s e l y  v e g e t a t e d  
h a b i t a t s .  L a p l a n d  l o n g s p u r s  a n d  h o r n e d  l a r k s  o c c u r  i n  s p a r s e  
h a b i t a t s  w i t h  a l m o s t  no c o v e r .  L a p l a n d  l o n g s p u r s  f orm l a r g e  
g r o u p s ,  and h o r n e d  l a r k s  i n  November  ( p r e - b r e e d i n g )  were  
p r i m a r i l y  f l o c k e r s .  C h e s t n u t - c o l l a r e d  l o n g s p u r s  o b s e r v e d  i n  
m i g r a t i o n  i n  p lowed f i e l d s  were a l s o  s e e n  i n  l a r g e  g r o u p s .  I  
o b s e r v e d  p r a i r i e  f a l c o n s  (F a l c o  me x i c a n u s ) a t t e m p t i n g  t o  
c a p t u r e  t h e s e  s p e c i e s  on f o u r  o c c a s i o n s ;  t h e  f a l c o n s  f l e w  low 
t o w a r d  a f l o c k .  T h e se  l o n g s p u r s  and l a r k s  a l l  f l e w  up i n  
r e s p o n s e  t o  a f a l c o n ,  f o r m i n g  i n t o  a t i g h t  g r o u p .  Horned
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L a r k s  r e s p o n d e d  s i m i l a r i l y  t o  b u r r o w i n g  o wl s  (At h e n e
c u n i c i i l a r l a ) a c c i d e n t l y  f l u s h e d  by t h e  o b s e r v e r  i n t o  t h e  
f l o c k s .
Some s e x u a l  d i f f e r e n c e s  i n  r e s p o n s e  t o  t h e  o b s e r v e r  were 
n o t e d  i n  c h e s t n u t - c o l l a r e d  l o n g s p u r s .  The s t r i k i n g l y  c o l o r e d  
m a l e s  t e n d e d  t o  move b e h i n d  g r a s s  c l u m p s  when a p p r o a c h e d .
When o b s e r v e d  i n  a c u l t i v a t e d  f i e l d ,  m a l e s  would a c t i v e l y  move
i n t o  f u r r o w s  n o t  a l i g n e d  w i t h  t h e  o b s e r v e r .  However ,  t h e  few
f e m a l e s  o b s e r v e d  (11) would g e n e r a l l y  be  s t i l l ,  e ve n  i f  
e x p o s e d  t o  t h e  o b s e r v e r .
M o t i o n l e s s  b e h a v i o r  was a l s o  t y p i c a l  o f  S m i t h ' s  l o n g s p u r .  
To o b s e r v e  f l o c k s  o f  S m i t h ' s  l o n g s p u r s  on t h e  g r o u n d ,  i t  was 
n e c e s s a r y  t o  know where  a g r o u p  had l a n d e d  and  a p p r o a c h  v e r y  
s l o w l y  t o  w i t h i n  20 m o f  t h i s  l o c a t i o n .  Then ,  t h e  o b s e r v e r  
would  n e e d  t o  w a i t  10 t o  20 min b e f o r e  a b i r d ,  o f t e n  
u n o b s t r u c t e d  f rom v i e w ,  would move i t s  h e a d .  T h u s ,  S m i t h ' s  
l o n g s p u r s  and  f e m a l e  c h e s t n u t - c o l l a r e d  l o n g s p u r s  may u s e  t h e i r  
c a m o u f l a g e  i n  p r e f e r e n c e  t o  f l u s h i n g  t o  a v o i d  d e t e c t i o n  o f  
p o t e n t i a l  p r e d a t o r s .
S a v a n n a h  s p a r r o w s  wer e  o n ce  o b s e r v e d  f e e d i n g  among a 
f l o c k  o f  c h e s t n u t - c o l l a r e d  l o n g s p u r s  when a l o g g e r h e a d  s h r i k e  
( L an i us  l ud o v i g i a n us)  f l e w  o v e r .  E v e r y  l o n g s p u r  f l e w  up i n t o  
a t i g h t  f l o c k ;  e v e r y  s a v a n n a h  s p a r r o w  ( ab ou t  15 i n d i v i d u a l s )  
h e l d  i t s  g r o u n d ,  i n d i c a t i n g  t h a t  t h i s  l a t t e r  s p e c i e s  d e p e n d s  
on c a m o u f l a g e  t o  a v o i d  d e t e c t i o n  o f  a e r i a l  p r e d a t o r s .
S p r a g u e ' s  p i p i t s  were  s o l i t a r y  and  o c c u r r e d  i n  h a b i t a t s  
w i t h  low v e g e t a t i o n  h e i g h t  (14 .1  cm, SD = 13 . 2)  an d  m o d e r a t e
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v e g e t a t i o n  d e n s i t i e s  ( 2 9 . 7  v e g e t a t i o n  c o n t a c t s  p e r  g r i d  
s a m p l e ,  S D = 1 3 , 2 ) .  P i p i t s  wer e  f a i r l y  common on some HGs i n  
s o u t h e r n  T e x a s ,  They b e h a v e d  l i k e  s a v a n n a h  s p a r r o w s  on t h e  
g r o u n d ,  moving away from t h e  o b s e r v e r  when a p p r o a c h e d .  They 
c o u l d  be a p p r o a c h e d  t o  a b o u t  20 m when s t a l k e d  s l o w l y ;  f l u s h  
d i s t a n c e  was 12 m. However ,  when f l u s h e d ,  a S p r a g u e ’ s  p i p i t  
would  f l y  h i g h ,  o f t e n  g i v i n g  a l o u d  a l a r m  c a l l  a s  do 
l o n g s p u r s .  I t  would o f t e n  f l y  up t o  c o n s i d e r a b l e  h e i g h t s ,  
h o v e r  a nd  t h e n  d r op  q u i c k l y  t o  a s a f e  l o c a t i o n .  O c c a s i o n a l l y  
o t h e r  S p r a g u e ’ s  p i p i t s  would  f l u s h  a t  d i s t a n c e s  much g r e a t e r  
t h a n  50 m f rom t h e  o b s e r v e r  a f t e r  a f l u s h e d  i n d i v i d u a l  gav e  
i t s  a l a r m  c a l l .  T h i s  b e h a v i o r  may b e  u s e d  t o  o b s e r v e  
p o t e n t i a l  p r e d a t o r s  f rom a s a f e  l o c a t i o n ,  a n d  may a l s o  s e r v e  
t o  a l e r t  o t h e r  p i p i t s  o f  t h e  p o t e n t i a l  p r e d a t o r ' s  p r e s e n c e .  
R e s p o n s e s  o f  S p r a g u e ’ s  p i p i t s  t o  a e r i a l  p r e d a t o r s  were  n o t  
n o t e d .
DISCUSSION
Cody (1971) i n d i c a t e d  t h a t  f l o c k i n g  i n  d e s e r t  s p a r r o w s  i s  
an a d a p t a t i o n  t o  f o o d  s u p p l i e s  o f  low d e n s i t y  a n d  h i g h  
d i s p e r s i o n .  In  wet  y e a r s ,  when f o o d  i s  a b u n d a n t ,  b i r d s  a r e  
w i d e l y  d i s p e r s e d  i n  s m a l l  f l o c k s .  However ,  i n  d r y  y e a r s  when 
f o o d  i s  s p a r s e ,  d e s e r t  s p a r r o w s  f o r m e d  i n t o  l a r g e  f l o c k s .
Cody g e n e r a t e d  a model  t o  e x p l a i n  t h e  c o u r s e ,  am ou n t  of  
c i r c u l a r i t y ,  and r a t e  o f  t r a v e l  o f  t h e s e  s p e c i e s .  The model  
p r e d i c t s  t h a t  b i r d s  r e t u r n  t o  a n  a r e a  a f t e r  t h e  s e e d  r e s o u r c e s  
h a v e  been  r e p l e n i s h e d  t h r o u g h  r u n o f f - d e p e n d e n t  r i p e n i n g  r a t e s .
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I n  c o n t r a s t ,  R a i t t  and  Pimm (1976)  p r e s e n t e d  t h e  a r g u m e n t  t h a t  
f l o c k i n g  i s  a r e s p o n s e  t o  t h e  c o n c e n t r a t i o n  of  food  r e s o u r c e s  
by d e s e r t  r a i n s .  F l o c k s  s e a r c h  f o r  t h e  s e e d  b o n a n z a s .
I n  g r a s s l a n d s ,  a c o n t i n u u m  e x i s t s  f rom s o l i t a r y  b i r d  
s p e c i e s  o c c u p y i n g  s e e d - s p a r s e  h a b i t a t s  w i t h  good  c o v e r  t o  
f l o c k i n g  s p e c i e s  o c c u p y i n g  s e e d - r i c h  a r e a s  w i t h  o r  w i t h o u t  
c o v e r .  F l o c k i n g  was a s s o c i a t e d  w i t h  p a t c h  u s e  i n  S m i t h ’ s  and  
c h e s t n u t - c o l l a r e d  l o n g s p u r s .  H owe ve r ,  l a p l a n d  l o n g s p u r s  and  
h o r n e d  l a r k s  a l s o  o c c u r r e d  i n  f l o c k s  on open  c u l t i v a t d  s i t e s  
wh er e  s e e d s  were a b u n d a n t ,  a n d  more e v e n l y  d i s t r i b u t e d .  
S a v a n n a h  s p a r r o w s ,  on some a r e a s  e x h i b i t i n g  t y p e  2 s p a c i n g  
p a t t e r n s  ( F i g .  4) ,  f o rmed '  i n t o  g r o u p s  when d i s t u r b e d .
F l o c k i n g  a p p e a r s  u s e f u l  f o r  p r e d a t o r  a v o i d a n c e  i n  open  
h a b i t a t s  o r  where  b i r d s  u t i l i z e d  s e e d - r i c h  h a b i t a t s .  F l o c k i n g  
may s e r v e  f o r  e a r l y  d e t e c t i o n  o f  p r e d a t o r s ,  and  may a l s o  
e n h a n c e  e v a s i o n  t a c t i c s  o f  b i r d s  i n  op en  h a b i t a t s .
The t a l l e s t  u n g r a z e d  o r  l i g h t l y  g r a z e d  a r e a s  i n  
g r a s s l a n d s  t y p i c a l l y  c o n t a i n  p e r e n n i a l  g r a s s  s p e c i e s .  F o r  
t h e s e  p l a n t  s p e c i e s ,  t h e  s t r a t e g y  i s  K - s e l e c t e d  (Emlen 1 9 7 3 ) .  
I n d i v i d u a l  p l a n t s  c o m pe t e  f o r  s p a c e  and a r e  t h u s  e x p e c t e d  t o  
d i v e r t  t h e i r  r e s o u r c e s  t o w a r d  i n c r e a s i n g  i n d i v i d u a l  s i z e ,  a s  
o p p o s e d  t o  s e e d  p r o d u c t i o n .  R i s s e r  (1930) showed s e e d  
p r o d u c t i o n  on LGs i s  much l o w e r  t h a n  on HGs. Low s e e d  
p r o d u c t i o n  f o r  LGs was r e c o r d e d  i n  t h e  p r e s e n t  s t u d y  ( T a b l e  
1 ) .  L e c o n t e ’ s  and  B a i r d ’ s  s p a r r o w  h a b i t a t s  were  s e e d - s p a r s e  
c om pa r ed  t o  h a b i t a t s  o f  s a v a n n a h  s p a r r o w s .  Low SDEN would 
s u p p o r t  low BDEN. S o l i t a r y  s p e c i e s  c o u l d  e v o l v e  wi t h  t h i s
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s y s t e m .  S p a c i n g  would i n s u r e  t h a t  i n d i v i d u a l s  had  e n o u g h  o f  
t h e  l i m i t i n g  r e s o u r c e  t o  s u r v i v e .  P r e d a t o r  a v o i d a n c e  i s  
e n h a n c e d  by d e n s e  h a b i t a t ,  l ow BDEN, and  t h e  s m a l l  s i z e  o f  t h e  
s p e c i e s  o c c u p y i n g  t h e s e  t a l l  h a b i t a t s .
I  o b s e r v e d  a h i g h  d e n s i t y  o f  L e C o n t e ' s  s p a r r o w s  i n  s o u t h  
T e x a s  d u r i n g  December  1976 and  F e b r u a r y  1977.  SDEN was n o t  
m e a s u r e d  t h a t  s e a s o n ,  b u t  f o u r  t i m e s  t h e  mean r a i n f a l l  (305 
cm; mean,  87 cm) p r o b a b l y  p r o d u c e d  a bumper  s e e d  c r o p .  Even 
t h o u g h  BDEN was e x t r e m e l y  h i g h ,  L e C o n t e ' s  s p a r r o w s  r e m a i n e d  
s o l i t a r y .  J o h n s o n  (1956)  r e p o r t e d  a f i e l d  o c c u p i e d  by a b o u t  
200 L e C o n t e ' s  s p a r r o w s  i n  h i s  s t u d y  i n  c e n t r a l  Oklahoma.  High 
d e n s i t i e s  o f  L e C o n t e ' s  s p a r r o w s  have  a l s o  been  n o t e d  by D . S .  
Wood ( p e r s .  comm.) a n d  me d u r i n g  m i g r a t i o n  i n  c e n t r a l  a nd  
w e s t e r n  Oklahoma.  However ,  low d e n s i t i e s  were more o f t e n  
f o u n d  f o r  L e C o n t e ' s ,  B a i r d ' s  a n d  g r a s s h o p p e r  s p a r r o w s  i n  t h i s  
s t u d y ,  and  f o r  B a i r d ' s  a n d  g r a s s h o p p e r  s p a r r o w s  by P u l l i a m  and 
M i l l s  (1977)  a n d  Emlen ( 1 9 7 2 ) .
At m o d e r a t e  t o  h i g h  d e n s i t i e s ,  s a v a n n a h  s p a r r o w s  w e r e  
s p a c e d  a p a r t ,  b u t  u t i l i z e d  o n l y  p a r t  o f  t h e  s u i t a b l e  h a b i t a t  
a t  any t i m e  ( F i g .  4 ,  Type 3 ) .  P r e d a t o r s ,  p o t e n t i a l l y  
a t t r a c t e d  t o  h i g h e r  BDEN, may h a v e  p r e s e n t e d  a p o s i t i v e  
c l u s t e r i n g  e f f e c t .  However ,  t h e  d a t a  o f  f i r s t - d i s t u r b e d  b i r d s  
i n d i c a t e  t h a t  s a v a n n a h  s p a r r o w s  have  e v o l v e d  s p a t i a l  and  
s o c i a l  h a b i t s  w h i c h  t a k e  a d v a n t a g e  o f  s p a c i n g  b i r d s  a p a r t ,  y e t  
s t i l l  h av e  p o s i t i v e  g r o u p  e f f e c t s .
BDEN was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  SDEN f o r  s p a r r o w s .  
Hi gh  d e n s i t i e s  of  s a v a n n a h  s p a r r o w s  were  r e c o r d e d  a t  t h e
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h i g h e s t  SDEN, S a v a nn ah  s p a r r o w s  were a b s e n t  f ro m one s i t e  
w h e r e  t h e y  (and SDEN) were  v e r y  h i g h  t h e  f o l l o w i n g  y e a r  
( Gr zy b ow sk i  1 9 8 0 a ) , i n d i c a t i n g  t o t a l  r e c r u i t m e n t  i n  r e s p o n s e  
t o  SDEN. In  c o n t r a s t  t o  s p a r r o w s ,  BDEN was n o t  s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  SDEN f o r  l o n g s p u r s .  T h i s  may i n d i c a t e  t h a t  
s p a r r o w s  t r a c k  t h e i r  e n v i r o n m e n t s  more c l o s e l y  t h a n  l o n g s p u r s .  
However ,  l o n g s p u r s  were  o f t e n  s e e n  f l y i n g  o v e r  s i t e s .  The 
a c t u a l  a r e a  u t i l i z e d  p e r  b i r d  may be c l o s e l y  c o r r e l a t e d  w i t h  
SDEN f o r  l o n g s p u r s .  B e c a u s e  l o n g s p u r s  f o r a g e  f r om  p a t c h  t o  
p a t c h ,  and  c o u l d  e a s i l y  have  u t i l i z e d  s i t e s  n e a r b y ,  
c a l c u l a t i o n s  o f  b i r d s  p e r  a r e a ,  o r  b i r d s  p e r  SDEN would n o t  be 
v a l i d .  L o n g s p u r s  may v e r y  c l o s e l y  t r a c k  SDEN.
R e s o u r c e s  o t h e r  t h a n  s e e d s  may h a v e  i n f l u e n c e d  s p a c e  u s e  
o f  g r a s s l a n d  b i r d s .  W a te r  was c e r t a i n l y  on e .  L o n g s p u r s  were 
o b s e r v e d  a t  p on d s  i n  t h e  e a r l y  morn ing .  L a p l a n d  L o n g s p u r s  may 
d ep en d  on a v a i l a b l e  w a t e r  s o u r c e s ,  and  t h i s  f a c t o r  may l i m i t  
t h e i r  g e o g r a p h i c  d i s t r i b u t i o n .  On d a y s  when i c e  c o v e r e d  
p o n d s ,  f l o c k s  w e r e  o b s e r v e d  p e c k i n g  on t h e  i c e .  Much o f  t h e  
l o c a l  movement  o f  l o n g s p u r  i n d i v i d u a l s  i n  m or n i n g  h o u r s  may 
h a v e  been  due t o  l o n g s p u r s  t r a v e l l i n g  t o  w a t e r .
P u l l i a m  and  M i l l s  (1977) p r e s e n t e d  e v i d e n c e  t h a t  s p a c e  
u s e  by g r a s s l a n d  s p a r r o w s  may be  a f f e c t e d  by t h e  p r e s e n c e  o f  
t r e e  o r  s h r u b  c o v e r .  A c c o r d i n g  t o  t h e s e  a u t h o r s ,  c o m p e t i n g  
s p e c i e s  v i e  f o r  p o s i t i o n s  n e a r  c o v e r  t o  e n h a n c e  p r e d a t o r  
a v o i d a n c e .  P u l l i a m  and M i l l s  c l a i m e d  t h a t  s a v a n n a h  s p a r r o w s  
a r e  d i s p l a c e d  f rom t r e e  o r  s h r u b  c o v e r  by v e s p e r  s p a r r o w s .  I n  
F i g .  6, h o w e v e r ,  o n l y  two o f  t h e  f o u r  g r o u p  r a n g e s  o f  s a v a n n a h
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s p a r r o w s  i n c l u d e d  c o v e r  g r e a t e r  t h a n  1 m t a l l ,  i n  s p i t e  o f  t h e  
p r e s e n c e  o f  t h i s  c o v e r  n e a r b y  an d  t h e  a b s e n c e  o f  o t h e r  s p a r r o w  
s p e c i e s .  I n  g e n e r a l  S a v a n n a h  s p a r r o w s  a v o i d e d  any b u t  g r a s s  
c o v e r  i n  a l m o s t  a l l  s i t u a t i o n s ,  u n l e s s  t h e y  were  d i s t u r b e d  
r e p e a t e d l y .
C a r a c o  ( 1979 ,  1980) d e v e l o p e d  a model  t o  p r e d i c t  g r o u p  
s i z e  i n  y e l l o w - e y e d  j u n c o s  (J u n c o  p h a e o n o t o s ) . J u n c o s  i n  
f l o c k s  c a n  d e c r e a s e  t h e i r  t i m e  s c a n n i n g  f o r  p r e d a t o r s ,  and 
i n c r e a s e  t h e i r  f o r a g i n g  e f f o r t  a s  g r o u p  s i z e  i n c r e a s e s  b e c a u s e  
o f  t h e  i n c r e a s e d  p r o b a b i l i t y  o f  d e t e c t i n g  a p r e d a t o r  w i t h  more 
e y e s  w a t c h i n g .  However ,  i n c r e a s e d  f o o d  d e n s i t y ,  which 
d e c r e a s e s  r e q u i s i t e  f e e d i n g  t i m e ,  a l l o w s  more t i m e  f o r  
a g g r e s s i v e  b e h a v i o r  b e t w e e n  i n d i v i d u a l s ,  t h u s  i n c r e a s i n g  t h e  
p r o b a b i l i t y  t h a t  a s u b o r d i n a t e  may be d r i v e n  f r o m  a g r o u p .
I n  ray s t u d y ,  i n c r e a s e d  f o o d  d e n s i t y  was a s s o c i a t e d  w i t h  . 
i n c r e a s e d  b i r d  d e n s i t y ,  and  i n c r e a s e d  g r o u p  s i z e .  T h i s  
a p p e a r s  t o  c o n f l i c t  w i t h  C a r a c o *s f i n d i n g s .  Ho wev er ,  C a r a c o ' s  
s t u d y  d e a l t  w i t h  one  s p e c i e s  i n  one e n v i r o n m e n t a l  s e t t i n g .  I  
i n v e s t i g a t e d  a number  o f  s p e c i e s  w i t h  d i f f e r i n g  b i o l o g i e s .  
C a r a c o ’ s  model  a s s u m e s  t h a t  d o m i n a n c e  h i e r a r c h i e s  w i l l  f o r m ,  
d r i v i n g  s u b o r d i n a t e s  f rom t h e  g r o u p  when d o m i n a n t s  have  more 
t i m e  f o r  a g g r e s s i o n .  Dominance h i e r a r c h i e s  may n o t  be a s  
p r o m i n e n t  i n  g r a s s l a n d  b i r d  s p e c i e s  a s  i n  j u n c o s .  L a r g e  
numbers  o f  i n d i v i d u a l s  on g r a s s l a n d s  w i t h  h i g h  s e e d  d e n s i t i e s ,  
t h e  h i g h  m o b i l i t y  o f  some s p e c i e s  ( e s p e c i a l l y  l o n g s p u r s ) , and  
a more even  d i s t r i b u t i o n  o f  s e e d s  on g r a s s l a n d s  may r e d u c e  
a d v a n t a g e s  o f  d o m i n a n c e .
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C a r a c o ' s  ( 1 9 79 ,  1980) s t u d y  e m p h a s i z e s  t h e  d yn am i c  n a t u r e  
o f  g r o u p s .  Howevsr ,  i f  t h e  e s t a b l i s h m e n t  o f  d o m i n an ce  
h i e r a r c h i e s  i s  s u p p r e s s e d  i n  g r a s s l a n d  b i r d s ,  g r o u p s  may be 
more  s t a b l e .  F u r t h e r m o r e ,  j u n c o s  ( i n  C a r a c o ' s  s t u d y )  f e d  i n  
e x p o s e d  a r e a s ,  and moved t o  c o v e r  r e l a t i v e l y  s a f e  f rom 
p r e d a t o r s  when n o t  f o r a g i n g .  The l a c k  o f  s u i t a b l e  c o v e r ,  
e x p e c i a l l y  i n  some o pen  g r a s s l a n d  h a b i t a t s ,  may f a v o r  t h e  
m a i n t e n a n c e  o f  g r o u p s .
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f o r a g i n g  f l o c k s  o f  b i r d s .  E c o l o g i c a l  Monographs  
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F IG.  1,  L o c a t i o n s  o f  s t u d y  s i t e s  i n  Oklahoma a n d  T e x a s .
F I G .  2.  R e l a t i o n  o f  g r o u p  s i z e  t o  s e e d  d e n s i t y  f o r  s p a r r o w s  
and  l o n g s p u r s .
F IG.  3. C o r r e l a t i o n  phenograra  o f  s p e c i e s  b a s e d  on an
u n w e i g h t e d  p a i r  g r o u p  met hod  o f  c l u s t e r  a n a l y s i s  u s i n g  
a r i t h m e t i c  a v e r a g i n g  f o r  s p e c i e s  and  s i t e  a t t r i b u t e s .  
C o p h e n e t i c  c o r r e l a t i o n  was 0 . 8 4 6 .  S p e c i e s  a r e  
BAIRS~“ B a i r d ’ s  s p a r r o w ,  CHESL— c h e s t n u t - c o l l a r e d  
l o n g s p u r ,  GRASS— g r a s s h o p p e r  s p a r r o w ,  HORNL--horned l a r k ,  
L A P L L - - l a p l a n d  l o n g s p u r ,  LECONS--LeConte*s  s p a r r o w ,
SAVAS— s a v a n n a h  s p a r r o w ,  SMITL— S m i t h ’ s  l o n g s p u r ,
VESPS— v e s p e r  s p a r r o w .  S i t e  d e s i g n a t i o n  a r e :  LG— l i g h t l y  
g r a z e d  g r a s s l a n d ,  MG— m o d e r a t e l y  g r a z e d  g r a s s l a n d ,
HG— h e a v i l y  g r a z e d  g r a s s l a n d ,  HG+— h e a v i l y  g r a z e d  
g r a s s l a n d  i n  J a n u a r y  1979 ,  and  C D - - c u l t i v a t e d  f i e l d .  
R e g i o n s  a r e :  OKLA— Okl ahoma;  S T E X - - s o u t h e r n  Te xas ;
5JTEX— w e s t e r n  T e x a s .
F IG .  4 .  D i a g r a m a t i c  r e p r e s e n t a t i o n  o f  s p a c i n g  p a t t e r n s
e x h i b i t e d  by g r a s s l a n d  b i r d s  d u r i n g  w i n t e r .  F o u r  t y p e s  
a r e  i d e n t i f i e d .  Each s q u a r e  r e p r e s e n t s  an  a r e a  which  i s  
l a r g e  r e l a t i v e  t o  t h e  i n d i v i d u a l s .  I n d i v i d u a l s  a r e  
r e p r e s e n t e d  by d o t s ;  s i x  d o t s  i n  e a c h  s q u a r e  a r e  u s e d  f o r  
c o n v e n i e n c e .  S o l i d  c i r c l e s  s u r r o u n d i n g  d o t s  r e p r e s e n t  
u s e - a r e a s  t o  whi ch  e n c l o s e d  i n d i v i d u a l s  ( d o t s )  r e s t r i c t
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t h e m s e l v e s .  C i r c l e s  f o r m e d  w i t h  d a s h e d  l i n e s  r e p r e s e n t  
t e m p o r a r y  u s e  a r e a s .  T h r e e  s i z e s  o f  c i r c l e s  a r e  
u s e d — t h e  s m a l l e s t  f o r  t y p e s  4a an d  4b r e p r e s e n t  a r e a s  o f  
i n d i v i d u a l  d i s t a n c e ;  i n t e r m e d i a t e  i n  t y p e s  1,  2b,  and  3 
r e p r e s e n t  " t e r r i t o r i e s "  o r  i n d i v i d u a l  s p a c i n g  u n i t s  
l a r g e r  t h a n  i n d i v i d u a l  d i s t a n c e s ;  an d  t h e  l a r g e s t  f o r  
t y p e  3 r e p r e s e n t s  an  a r e a  o f  g r o u p  a c t i v i t y .  E l l i p s e s  
( i n  t y p e s  2b and  4a) r e p r e s e n t  p a t c h e s  o f  p r e f e r r e d  
h a b i t a t .  Ar rows  d e p i c t  t h e  m a g n i t u d e  o f  p o t e n t i a l  
movements  by i n d i v i d u a l s ,  i n c l u d i n g  w i t h i n  " t e r r i t o r i e s "  
( t y p e  1 ) ,  l o c a l l y  w i t h i n  s i t e  ( t y p e  2 a ) ,  w i t h i n  and  
b e t w e e n  p a t c h e s  ( t y p e s  2b and  4 a ) ,  w i t h i n  g r o u p  a c t i v i t y  
a r e a s  ( t y p e  3) , w i t h i n  s i t e  ( t y p e s  2 c  and 4b) , and 
b e t w e e n  s i t e s  ( t y p e s  2 c ,  4 a ,  and  4b) .
F IG.  5 .  S pace  u s e  a r e a s  o f  L e C o n t e ’ s  s p a r r o w s  on a l i g h t l y
g r a z e d  g r a s s l a n d  i n  c e n t r a l  Oklahoma d u r i n g  t h e  w i n t e r  o f  
1 9 7 5 - 7 6 .  A c t i v i t y  a r e a s  o f  i n d i v i d u a l s  a r e  d e l i n e a t e d  by 
s o l i d  l i n e s .  The a r e a  d e l i m i t e d  by  d a s h e d  l i n e s  was 
o c c u p i e d  by f o u r  t o  e i g h t  s p a r r o w s .  See  t e x t .
F IG.  6,  Space  u se  by g r o u p s  o f  s a v a n n a h  s p a r r o w s  ( d e l i m i t e d
by d a s h e d  l i n e s )  on a s u c c e s i o n a l  g r a s s l a n d  i n  c e n t r a l
Oklahoma d u r i n g  t h e  w i n t e r  o f  1 9 7 7 - 7 8 .  S e e  t e x t .
F IG.  7 .  Space  u s e  a r e a s  o f  g r o u p s  o f  (A) S m i t h ' s  and  (B)
c h e s t n u t - c o l l a r e d  l o n g s p u r s  d u r i n g  t h e  w i n t e r  of  197 5- 7 6
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on a HG ( s i t e  l a )  i n  c e n t r a l  Oklahoma,  A r e a s  u se d  by 
l o n g s p u r s  a r e  e n c l o s e d  by s o l i d  l i n e s .  Heavy  u se  a r e a s  
a r e  d e s i g n a t e d  by c r o s s - h a t c h i n g  t o  t h e  r i g h t  w i t h i n  
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t kULE S o c i a l  and  « c o l o c j i c  a c t i i b u c e s  o f  y c a c s i a n J  b i r d  s p o c i t s .
S o c i a l E c o l o g i e
S p e c i e s
a  b Gro up  
T r e a e a a n t  R e g i o n  s i z e
I n d i v i d u a l
d i s t a n c e
P e r c e n t  o f
i n d i v i d u a l s
s o l i t a r y
H a b i t a t
d e n s i t y
H a b i t a t
h e i g h t
B i r d
d e n s i t y
c
Seed
d e n s i t y
d
c u a u
h o r n a d  L a rk
c c j i a v l i i i a  a l £ a s ! i l M i CU O k la 6 . 1 1 . 7 3 3 . 8 0 . 8 1 0 2 . 3 2 .7 1
LG u i e x 8 . 5 1 . 8 3 3 0 . a 2 1 . 6 1 3 2 . 0 0 . 1 0
HG WTex 8 .1 2 . 2 2 1 0 .0 7 . 5 1 0 2 . 0 0 . 6 6
PD WTax 1 5 .0 1 . 6 1 Q.Q 3 . 5 7 3 4 . 0 2 . 0 8
L a p l a n d  L o n g s p u r
U m u i s ï s ) CU O k l a 1 * 6 . 9 1 . 5 0 0 . 6 1.0 1 1 8 . 8 2 .7 1
s . i c h ' s  L o n g s p u r  
C l i S Ü E i U S  ClSEUS) HJ O k la 1 1 .6 2 . 9 3 3 3 . 5 3 9 .0 1 3 9 , 7 1 .5 9
HG O k l a 1 2 . B 2 . 9 1 3 7 . 7 2 1 . 2 2 7 9 . 8 1 . 4 6
C b a S t n u t - c o l l a r e d  L o n g s p u r  
( S a i S i E i U S  SEIUEÜ3I RG O k l a 6 . 6 S . * 1 2 9 . 3 3 8 .7 2 6 . 8 1 .5 9
HG O k l a b.U 6 . 5 5 2 5 . 5 1 7 .3 4 0 . 5 1 .4 6
ilC HTex 2 . 6 1 2 .7 15 1 5 .5 1 4 .5 2 8 . 5 0 .6 1
HG WTex 5 .1 7 . 6
s a a t u t a
Q 1 7 .6 1 4 .5 1 2 2 . 0 0 . 7 1
s a v a n n a h  S p a r r o w
( E i a S i E E U l U  Z â l iü lE l lS im É E ) LC O k l a 1 .2 1 3 .2 7Q 4 7 . 5 4 5 .  1 4 6 . 0 1 .4 6
HG O k l a 1.1 1 0 3 .0 9Q 3 2 . 3 4 0 . 6 1 2 .3 1.11
HG O k l a 1 .2 1 8 . 7 70 3 8 . 6 2 3 .8 3 8 . 3 1 .5 1
LG SIftX W.2 6 . 9 8 5 2 . 0 6 0 .  T 1 , 2 2 6 . 0 —
HG STex 2 . 9 IQ. 1 19 5 2 . 0 6 0 .1 7 8 6 . 2 4 .4 1
G r a s s h o p p e r  s p a r r o w
HU
HG








2 8 . Q 
6 8 . 8
2 3 . 3
6 3 . 6
8 4 . 2
7 1 . 0
0 . 2 9
1. 11
B a i r d ' s  S p a r r o w
(1&&&1C1&HS tiâicLilii) LG WTex 1 .0 6 0 . 7 100 3 0 . 0 2 1 .6 2 5 . 2 0 . 1 0
L e c o n te *  s  S p a r r o w
( & 9 5 S S £ i î a  l £ £ 2 & l S i i ) LG O k l a 1 .0 Q2.7 100 6 6 . Q 6 3 . 2 3 2 . 5 0 . 4 0
LG STex 1 .0 11 . 1 100 — — 1 , 8 8 8 . 0 —
MG STex 1 .0 1 7 .1 100 6 4 . 0 6 3 . 2 1 4 2 . 8 1 .1 0
V e s p e r  S p a r r o w
( E22&£a£l&  ï L u i m s ) MG STex 3 . 0 3 . 7 10 3 7 . 7 2 4 . 6 1 2 2 . 7 2 . 9 2
l a £ £ £ £ i Z & I S S
S p r a g u e * s  P i p i t
( i ü i & ü a  s E u a 2 £ i i ) HG STex 1.0 5 3 . 1 100 2 9 . 7 14 .1 6 0 . 8 —
E a s t e r n  R e a d o w i a rk  
( S lu K B S l l f l  s a a n a ) LG O k la 1.7 I Q .a Q6 4 4 . 4 4 0 .0 7 . 7 —
HG O kla 1 .* 2 1 . 6 63 .36.0 3 1 .0 2 1 . 2 —
IIG O k l a 1 . 5 I Q . a QO 4 4 . 7 2 4 . 3 2 7 . 6 —
CU O k la 3 . * 9 . 6 10 1 .3 1 . 4 7 7 . 0 - -
HG STex 2.  1 1 1 , Q 12 6 8 . 0 4 5 . 0 9 6 . 0 —
UC STex 7 . 9 1 0 .2 12 3 0 .3 1 6 .0 1 1 2 ,8 - -
W e s t e r n  R e a d o w i a r k
LG WTex 1.0 1 0 0 .0 100 3 0 .0 2 1 .6 8 , 3 —
HG WTex 1 .0 1 0 0 . 0 100 - • 1 1 .7
CU* c u l t i v a t e d ;  HG* h e a v i l y  g r a t e d ;  LC« l i g h t l y  g r a z e d ;  HG* m o d e r a t e l y  g r a z e d ;  PD* p r a i r i e  do g to wn ,  
) k i a *  O h l a h o a a ;  S t e x r .  s o u t h e r n  T e x a s ;  WTex* w e s t e r n  T e x a s .
Log oC s e e d  v o l u a *  a r e  g i v e r ,  ( se e  t e x t )  .
S e e  t e x t  f o r  c a t e g o r y  d e s i g n a t i o n s .
l e a n s  f rom J a n u a r y  1979 when t h e  s i t *  was  r e c o v e r i n g  f r o *  b e i n g  h e a v i l y  g r a z e d .















-0.64*** -0 .16 -0 .07 -0 .33 -0 .43
GSIZ-HHT -0.55** -0 .20 -0 .08 -0 .26 -0 .3 6
GSIZ-BDEN 0.39 0.67* 0.82** 0.46 0.40
GSIZ-SDEN 0.41 0.88*** 0.72** 0.94**
IDIS-HDEN 0.57** -0 .1 5 -0 .0 9 0.31 0.07
IDIS-HHT 0.57** -0 .17 0.01 0.37 0.10
IDIS-BDEN -0.48* -0 .5 9 -0 .69* -0 .61* -0 .69
IDIS-SDEN -0.32 — — -0 .5 2 -0 .4 5 -0 .90**
SOL-HDEN 0.63** -0.10 0.20 0.12 -0 .1 6
SOL-HHT 0.56** -0 .08 0.09 0.03 -0 .16
SOL-BDEN -0 .44* -0 .62 -0.76** -0 .4 8 -0 .6 4
S0L-5DEN -0 .3 9 —- -0.80** -0 .71** -0 .7 0
See text  for  symbol designations.
♦ — (P<.05); **— {£<.01); ***— (P<.001).
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NI CH3  RELATIONS OF GRASSLAND BI RDS DURING WINTER
1
JOSEPH A. GRZYDOHSKT
D e p a r t m e n t  o f  Z o o l o g y ,
U n i v e r s i t y  o f  Ok l ahoma ,  Norman,  OK 73019 USA
ABSTRACT; P a t t e r n s  o f  r e s o u r c e  u s e  were  e v a l u a t e d  f o r  
p a s s e r i n e  b i r d s  o c c u p y i n g  o pen  g r a s s l a n d  h a b i t a t s  i n  Oklahoma 
and T e x a s .  Of 11 s p e c i e s ,  t h e  E a s t e r n  Meadowl ark  a n d  t h e  
S a v a n n a h  S p a r r o w  were  g e n e r a l i s t s ,  w i t h  b r o a d  n i c h e s ,  t h a t  
o c c u p i e d  a b r o a d  r a n g e  o f  h a b i t a t s .  Horned L a r k s  and  L a p l a n d  
L o n g s p u r s  were  f o u n d  i n  o p e n  h a b i t a t s  o n l y ,  wher e  t h e y  were 
a b u n d a n t .  L e C o n t e ’ s  and G r a s s h o p p e r  s p a r r o w s  we r e  g e n e r a l l y  
uncommon, and  f ou n d  o n l y  i n  t a l l  and d e n s e  g r a s s l a n d s .
S m i t h ’ s  and  C h e s t n u t - c o l l a r e d  l o n g s p u r s  o c c u r r e d  i n  
i n t e r m e d i a t e  g r a s s l a n d  h a b i t a t s .  These  l a t t e r  two s p e c i e s ’ 
n i c h e  w i d t h s  were s i m i l a r  i n  m a g n i t u d e  t o  t h o s e  o f  t h e  L a p l a n d  
L o n g s p u r  a n d  L e C o n t e ’ s  S p a r r o w .  V e s pe r  S p a r r o w s  e x h i b i t e d  t h e  
n a r r o w e s t  n i c h e  w i d t h .
S t e p w i s e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  showed p e r c e n t  
g r a s s  c o v e r  t o  be t h e  b e s t  v a r i a b l e  f o r  d i s c r i m i n a t i n g  among 
t h e  h a b i t a t  p r e f e r e n c e s  o f  g r a s s l a n d  b i r d  s p e c i e s .  V e g e t a t i o n  
h e i g h t  and  p e r c e n t  f o r b  c o v e r ,  w i t h  p e r c e n t  g r a s s  c o v e r ,
( t a k e n  i n  c o m b i n a t i o n )  were  a l s o  i m p o r t a n t .  T h i s  was n o t  t h e
1 P r e s e n t  a d d r e s s :  Oklahoma D e p a r t m e n t  o f  W i l d l i f e  
C o n s e r v a t i o n ,  1801 N o r t h  L i n c o l n ,  Oklahoma C i t y ,  Oklahoma 
73105 USA.
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c a s e  i n  t h e  w e s t e r n  T e x a s  r e g i o n  where  v e g e t a t i o n  d e n s i t y  a t  
t h e  2 0 - 3 0  cm h e i g h t  i n t e r v a l ,  l i t t e r  d e p t h  and  p e r c e n t  l i t t e r  
c o v e r  wer e  more i m p o r t a n t  i n  d i s c r i m i n a t i n g  t h e  h a b i t a t  
p r e f e r e n c e s  o f  g r a s s l a n d  b i r d  s p e c i e s .  I n  a p r i n c i p a l  
c o m p o n e n t s  a n a l y s i s ,  v e g e t a t i o n  h e i g h t  and  d e n s i t y  a c c o u n t e d  
f o r  t h e  mos t  v a r i a t i o n  i n  t h e  s p e c i e s '  h a b i t a t  p r e f e r e n c e s ;  
l i t t e r  d e p t h  a n d  f o r b  c o v e r  w e r e  o f  s e c o n d a r y  i m p o r t a n c e .
Horned L a r k s  d o m i n a t e d  t h e  w e s t e r n  T e x a s  s i t e s ,  b u t  
o c c u p i e d  o n l y  a p o r t i o n  o f  t h e  t o t a l  r a n g e  o f  g r a s s l a n d  
h a b i t a t s  a v a i l a b l e .  Few i n d i v i d u a l s  i n  w e s t e r n  T e x a s  o c c u p i e d  
h a b i t a t s  c h a r a c t e r i z e d  by t a l l e r  v e g e t a t i o n .  A p a u c i t y  i n  u s e  
o f  t a l l e r  and  d e n s e r  g r a s s l a n d  h a b i t a t s  was a l s o  e v i d e n t  a t  
s e v e r a l  Oklahoma l o c a l i t i e s .  T h i s  was n o t  t r u e  on t h e  
s o u t h e r n  T e x a s  s i t e s .
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[INTRODUCTION]
I n  t h e  p a s t  20 y e a r s ,  much a t t e n t i o n  h a s  b e e n  g i v e n  t o  
d e f i n i n g  h a b i t a t  p r e f e r e n c e s  o f  b i r d s ,  and  e v a l u a t i n g  r e s o u r c e  
d i v i s i o n  and m e t ho d s  o f  c o e x i s t e n c e  among members o f  b i r d  
c o m m u n i t i e s  (Cody and  Diamond 1 9 7 5 ) ,  Bond (1957) and  B e a l s  
(1960) e v a l u a t e d  t h e  d i s t r i b u t i o n  o f  b i r d  s p e c i e s  a l o n g  
p h y t o s o c i o l o g i c a l  g r a d i e n t s  i n  a s e r i e s  o f  wood l and  
c o m m u n i t i e s ;  a l t h o u g h  s e v e r a l  s p e c i e s  showed l i t t l e  o r  no 
p r e f e r e n c e ,  s e v e r a l  i n d i s c r e t e  g r o u p i n g s  were  i d e n t i f i e d  on 
t h e  b a s i s  o f  t h e  b i r d  s p e c i e s ’ p r e f e r e n c e s  f o r  t r e e  s p e c i e s  
r e s p o n d i n g  t o  s o i l  m o i s t u r e  c o n d i t i o n s .  More r e c e n t l y ,  
o r d i n a t i o n s  o f  v a r i o u s  t y p e s  h a ve  b e e n  empl oyed  t o  d e s c r i b e  
h a b i t a t  p a r t i t i o n i n g  o f  b i r d  s p e c i e s  a l o n g  a  few a x e s  
s u m m a r i z i n g  a l a r g e r  number  o f  o f t e n  h i g h l y  c o r r e l a t e d  
v a r i a b l e s  ( James  1 97 1 ,  A n d er so n  and S h u g a r t  197h,  Whi r mor -  
1975,  1 9 7 7 ) ,  S h u g a r t  and  P a t t e n  (1974) d e v e l o p e d  a model  f o r  
n i c h e  q u a n t i f i c a t i o n ,  a n d  u s e d  i t  t o  e v a l u a t e  n i c h e  p a t t e r n  o f  
f r i n g i l l i d  s p e c i e s ,
I  have  e v a l u a t e d  r e s o u r c e  use  among g r a s s l a n d  b i r d s  
d u r i n g  w i n t e r .  Whi le  Cody (1 968) a n d  Wiens  (1969) 
i n v e s t i g a t e d  r e s o u r c e  r e l a t i o n s  among g r a s s l a n d  b i r d s  d u r i n g  
t h e  b r e e d i n g  s e a s o n ,  n e i t h e r  t h e s e  s t u d i e s ,  o r  most  o t h e r s ,  
c o n s i d e r  r e s o u r c e  u s e  d u r i n g  n o n - b r e e d i n g  p e r i o d s .  S i n c e  mos t  
t e m p e r a t e  p a s s e r i n e s  s p e n d  o n l y  a few mo nt hs  a y e a r  i n  
b r e e d i n g  a c t i v i t i e s ,  and  many l e a v e  t h e i r  b r e e d i n g  g r o u n d s  
i m m e d i a t e l y  a f t e r  n e s t i n g ,  a s u b s t a n t i a l  p o r t i o n  of  t h e i r  
e c o l o g y  h a s  b e e n  n e g l e c t e d .
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W i n t e r  s e a s o n s  d i f f e r  f rom summer s e a s o n s  i n  t h a t  many 
b i r d  s p e c i e s  oc cu p y  d i f f e r e n t  g e o g r a p h i c a l  r a n g e s ,  a r e  
s u b j e c t e d  t o  d i f f e r e n t  e n v i r o n m e n t a l  c o n d i t i o n s ,  e n c o u n t e r  
d i f f e r e n t  c o m p e t i t o r s ,  a n d  u t i l i z e  d i f f e r e n t  f o o d  r e s o u r c e s .  
C o m p e t i t i o n  may be h e i g h t e n e d  i n  t h e  w i n t e r ,  n o t  o n l y  by 
i n c r e a s e d  s o u t h w a r d  o v e r l a p  i n  r a n g e s  ( o f  many s p e c i e s )  , b u t  
by r e c r u i t m e n t  o f  y o u ng ,  n o n - r e p l e n i s h i n g  f o o d  s u p p l i e s  and  
r e d u c e d  p h o t o p e r i o d  ( F r e t w e l l  1 9 7 2 ) ,  B e c a u s e  f o o d  may be more 
l i m i t i n g  i n  w i n t e r ,  F r e t w e l l  (1972) s u g g e s t e d  t h a t  s p e c i e s  
g r o u p i n g s  may be  more s t r u c t u r e d  t h a n  i n  summer .
T h i s  p a p e r  i s  one  o f  a s e r i e s  d e a l i n g  w i t h  e c o l o g i c a l  
r e l a t i o n s  among g r a s s l a n d  b i r d s  d u r i n g  w i n t e r  ( Grzybowski  
1 9 7 6 ,  1 9 8 0 a ,  b) . The p u r p o s e s  o f  my s t u d y  a r e  t o  (1) a s s e s s  
r e s o u r c e  u s e  o f  b i r d  s p e c i e s  o c c u p y i n g  open g r a s s l a n d  h a b i t a t s  
d u r i n g  w i n t e r ,  (2) d e t e r m i n e  t h e  e l e m e n t s  i m p o r t a n t  i n  
s t r u c t u r i n g  t h e s e  b i r d  c o m m u n i t i e s ,  (3) d e s c r i b e  t h e  
r e l a t i o n s h i p s  o f  r e s o u r c e  u s e  b e t w e e n  s p e c i e s ,  and (4) 
e v a l u a t e  p a t t e r n s  o f  u se  w i t h i n  t h e  g r a s s l a n d  h a b i t a t  r e s o u r c e  
s p e c t r u m  among r e g i o n s ,
METHODS
S i t e s  V a r y i n g  i n  g r a z i n g  p r e s s u r e  o r  c u l t i v a t i o n  
p r a c t i c e s  were  s e l e c t e d  f o r  s t u d y  i n  t h r e e  r e g i o n s  of  t h e  
s o u t h e r n  p l a i n s .  They e n c o m p a s s  t h e  r a n g e  o f  v a r i a t i o n  i n  
s t r u c t u r a l  h a b i t a t  c h a r a c t e r i s t i c s  f o r  g r a s s l a n d s  i n  t h e  
r e g i o n ,  and  i n c l u d e ,  most  o f  t h e  a v i a n  s p e c i e s  t y p i c a l  o f  open 
g r a s s l a n d .  T he s e  s i t e s  i n c l u d e d :  f o u r  i n  c e n t r a l  Oklahoma
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( on e  e a c h  o f  h e a v i l i y  g r a z e d ,  m o d e r a t e l y  g r a z e d ,  l i g h t l y  
g r a z e d  and c u l t i v a t e d ) ; one i n  w e s t e r n  Te x as  t r a v e r s i n g ,  i n  
p a r t ,  a p r a i r i e  dog town a n d ,  i n  p a r t ,  a l i g h t l y  g r a z e d  
g r a s s l a n d ;  and  two s i t e s  i n  c o a s t a l  s o u t h e r n  T e x a s  (a l i g h t l y  
t o  m o d e r a t e l y  g r a z e d  and a h e a v i l i y  g r a z e d  g r a s s l a n d ) . The 
g e o g r a p h i c  l o c a t i o n s  o f  t h e s e  s i t e s  a r e  shown i n  F i g .  1,
S i t e s  were s e l e c t e d  on t h e  b a s i s  o f  t h e i r  u n i f o r m i t y ,  
a b s e n c e  o f  t r e e s  o r  s h r u b s ,  and  l a r g e  s i z e .  About  5% s h r u b  
c o v e r  was p r e s e n t  on a h e a v i l y  g r a z e d  g r a s s l a n d  i n  s o u t h e r n  
T e x a s ;  o t h e r w i s e ,  s h r u b  c o v e r  was a b s e n t  o r  c o m p r i s e d  l e s s  
t h a n  0 .5%.  I n  most  c a s e s ,  t h i s  c o v e r  c o n s i s t e d  o f  i s o l a t e d  
s h r u b s  l e s s  t h a n  3 m i n  h e i g h t .  The c u l t i v a t e d  s i t e  u s e d  i n  
c e n t r a l  Oklahoma was p l a n t e d  i n  w i n t e r  wheat  (Tr i t i c u m 
a e s t i v u m )  . A sorghum (So r g hum b i c o l o r) c r o p  h a d  been  
h a r v e s t e d  p r i o r  t o  t h i s  p l a n t i n g .  D e t a i l e d  s i t e  d e s c r i p t i o n s  
a r e  p r o v i d e d  i n  G r zy b o w s k i  ( 1 9 8 0 a ) .
S t r i p s  a p p r o x i m a t e l y  1 , 0 0 0  Z 60 m were e s t a b l i s h e d  on 
e a c h  s i t e ,  and d i v i d e d  i n t o  1 5 - m e t e r - s g u a r e  b l o c k s ,  e a c h  
r e p r e s e n t i n g  a u n i t  i n  t h e  v e g e t a t i o n  a n a l y s i s .  A t o t a l  o f  
1 , 0  52 b l o c k s  ( a b o u t  264 a t  e a c h  s i t e )  wer e  e v a l u a t e d  d u r i n g  
December  1975 i n  c e n t r a l  Oklahoma.  An e q u i v a l e n t  number  o f  
b l o c k s  p e r  s i t e  wer e  s a m p l e d  on t h e  w e s t e r n  and s o u t h e r n  Te x as  
s i t e s  d u r i n g  l a t e  November  and  l a t e  December  1976 ,  
r e s p e c t i v e l y .  The l i g h t l y  g r a z e d  a n d  h e a v i l y  g r a z e d  s i t e s  i n  
c e n t r a l  Oklahoma were  r e s a m p l e d  i n  December  1976.
M e a s u r e s  o f  v e g e t a t i o n  were  made i n  t h e  c e n t e r  o f  e a c h  
b l o c k .  F o u r  p o i n t  s a m p l e s  o f  v e g e t a t i o n  h e i g h t  and  l i t t e r
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d e p t h /  a s  w e l l  a s  f o r b  a n d  g r a s s  c o v e r  were t a k e n .  In  
a d d i t i o n ,  t h e  d e n s i t y  o f  t h e  v e g e t a t i o n  was a s s e s s e d  f rom e a c h  
p o i n t  s a m p l e  f o r  e a c h  10-cm h e i g h t  i n t e r v a l  by c o u n t i n g  t h e  
number  o f  v e g e t a t i o n  c o n t a c t s  made w i t h  t h e  t i p  o f  a w i r e  
p a s s e d  t h r o u g h  t h e  v e g e t a t i o n  f o r  30 cm. L i t t e r  d e p t h  was 
c o n s i d e r e d  a s  t h e  d e p t h  o f  t h e  n o n - l i v i n g  v e g e t a t i o n  b r o k e n ,  
o r  o t h e r w i s e  d e t a c h e d  f rom v e g e t a t i o n  m a i n t a i n i n g  i t s  n o r m a l  
l i v i n g  s t r u c t u r e .  S i n c e  most  a b o v e  g r o u n d  v e g e t a t i o n  i s  d ea d  
d u r i n g  w i n t e r ,  t h i s  d e f i n i t i o n  was e mp l oy ed  t o  a v o i d  u s i n g  
v e g e t a t i o n  h e i g h t  a s  l i t t e r  d e p t h .  A summary o f  t h e  
v a r i a b l e s ,  me as u r ed  and d e r i v e d ,  and t h e i r  a b b r e v i a t i o n s  a r e  
p r o v i d e d  i n  T a b l e  1.
F r e q u e n c y  o f  o c c u r r e n c e  o f  b i r d  s p e c i e s  i n  t h e  b l o c k s  was 
r e c o r d e d  d u r i n g  e a c h  v i s i t  t o  e a c h  s t u d y  s i t e  f r o m  7 November  
1975 t o  12 March 1976 ,  a n d  f rom 15 November  1976 t o  h March 
1 9 7 7 .  The e n t i r e  s t r i p  was s e a r c h e d  d u r i n g  e a c h  v i s i t  so  t h a t  
t h e  amount  o f  t i m e  s p e n t  s e a r c h i n g  e a c h  b l o c k  was 
a p p r o x i m a t e l y  t h e  same.  From 14 t o  20 v i s i t s  w er e  made t o  
e a c h  s i t e  d u r i n g  e a c h  s e a s o n . '  Each o b s e r v a t i o n  o f  an 
i n d i v i d u a l  i n  a b l o c k  was a s s i g n e d  t h e  v a l u e s  o f  t he .  m e a s u r e d  
and d e r i v e d  v e g e t a t i o n  v a r i a b l e s  f o r  t h a t  b l o c k  t o  
c h a r a c t e r i z e  t h e  s p e c i e s '  h a b i t a t  p r e f e r e n c e s  and  u t i l i z a t i o n  
p a t t e r n s .
T h e s e  d a t a  were  s u b j e c t e d  t o  p r i n c i p a l  c o m p o n e n t  (PCA) 
and d i s c r i m i n a n t  f u n c t i o n  (DFA) a n a l y s e s .  DFA was u s e d  t o  
i d e n t i f y  t h o s e  h a b i t a t  v a r i a b l e s  i m p o r t a n t  i n  s p e c i e s  
s e p a r a t i o n  a c r o s s  a l l  s i t e s  c o m b i n e d ,  and f o r  e a c h  r e g i o n .
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The d a t a  were a n a l y z e d  u s i n g  a c o m p u t e r  p r o g r a m  (BMDP-PRCG7M) 
d e v e l o p e d  by Dixon  and  Brown ( 1 9 7 7 ) ,  I n  t h e  d i s c r i m i n a n t  
m ode l ,  v a r i a b l e s  a r e  e n t e r e d  i n  a s t e p - w i s e  f a s h i o n  b a s e d  on 
t h e i r  a b i l i t y  t o  d i s c r i m i n a t e  among s p e c i e s .  At  e a c h  s t e p ,  
t h e  v a r i a b l e  w h i c h  a d d s  t h e  mo s t  t o  t h e  s e p a r a t i o n  o f  g r o u p s  
i s  e n t e r e d .  In  t h e  f i r s t  s t e p ,  t h e  F - v a l i i e  t o  e n t e r  f o r  a 
v a r i a b l e  c o r r e s p o n d s  t o  t h e  t h e  F - s t a t i s t i c  c om p u t e d  f rom a 
one-way  a n a l y s i s  o f  v a r i a n c e  on t h e  v a r i a b l e  f o r  t h e  g r o u p s  
u s e d  i n  t h e  a n a l y s i s .  The v a r i a b l e  w i t h  t h e  h i g h e s t  F - v a l u e  
i s  e n t e r e d  f i r s t .  At e a c h  s u b s e q u e n t  s t e p ,  t h e  F - v a l u e  t o  
e n t e r  f o r  e a c h  r e m a i n i n g  v a r i a b l e  i s  comput ed  f r o m  a o n e- w ay  
a n a l y s i s  o f  c o v a r i a n c e  w h e r e  c o v a r i â t e s  a r e  r h e  p r e v i o u s l y  
e n t e r e d  v a r i a b l e s .  I n  a d d i t i o n ,  t h e  p r ogram p e r f o r m s  a 
m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  (MANOVA) on t h e  s p e c i e s  o n c e  
a l l  v a r i a b l e s  c o n t r i b u t i n g  t o  t h e  d i s c r i m i n a t i o n  o f  t h e s e  
s p e c i e s  h a v e  b ee n  e n t e r e d .  The p r og r am a l s o  p l o t s  t h e  
d i s t r i b u t i o n  o f  o b s e r v a t i o n s ,  and  means f o r  t h e  s p e c i e s ,  a l o n g  
t h e  f i r s t  two d i s c r i m i n a n t  a x e s .
To a s s e s s  r e l a t i o n s  among s p e c i e s  by s i t e  and  by r e g i o n ,  
PCA was u s e d  ( M o r r i s o n  1 9 6 7 ) .  T h i s  a n a l y s i s  was used i n  
a s s e s s i n g  r e g i o n a l  and  s i t e  s p e c i f i c  r e l a t i o n s ,  b o t h  w i t h i n  
s p e c i e s  o c c u r r i n g  i n  more t h a n  one s i t e  o r  r e g i o n ,  and among 
s p e c i e s .
Niche  w i d t h  was e s t i m a t e d  i n  t h e  f o l l o w i n g  manner .  The 
v a l u e s  o f  t h e  m e a s u r e d  a n d  d e r i v e d  v e g e r a t i o n  v a r i a b l e s  were 
a v e r a g e d  f o r  e a c h  s i t e  ( e a c h  y e a r  f o r  two o f  t h e  Oklahoma 
s i t e s ) ,  and  s t a n d a r d i z e d  (mean=0,  SD=1) ; t h e  s i t e s  were t h e n
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e n t e r e d  i n t o  a PCA. c o m p on en t  l o a d i n g s  f o r  t h e  v a r i a b l e s  wer e  
d e t e r m i n e d  a l o n g  a x e s  whi ch  e x p l a i n e d  t h e  g r e a t e s t  amount  o f  
v a r i a t i o n  e n c o m p a s s e d  by a l l  g r i d - b l o c k s . "  Then comp on en t  
s c o r e s  f o r  e a c h  b l o c k  wer e  c a l c u l a t e d  a c c o r d i n g  t o  t h e  
f o r m u l a  ;
n
I  = E a X (1)
m i =1 i  i
where  Y i s  t h e  c o m p o n e n t  s c o r e  f o r  b l o c k  m, a i s  t h e  
m i
c om po ne n t  l o a d i n g  f o r  v a r i a b l e  i ,  a nd  X i s  t h e  s t a n d a r d i z e d
i
v a l u e  f o r  v a r i a b l e  i .
The c o m p o n e n t  s c o r e s  were  a s s i g n e d  t o  e a c h  o b s e r v a t i o n  o f  
a s p e c i e s  i n  a b l o c k .  F r e q u e n c y  d i s t r i b u t i o n s  o f  t h e  v a l u e s  
f o r  e a c h  s p e c i e s  were  g e n e r a t e d  i n  c l a s s  i n c r e m e n t s  a l o n g  t h e  
f i r s t  two PCA a x e s .  T h e s e  c l a s s  v a l u e s  were t h e n  e n t e r e d  a s  
r e s o u r c e  s t a t e s  i n t o  C l a r k ' s  (1977) m o n o t o n i e  t r a n s f o r m a t i o n  
o f  C o l w e l l  and F u t u y m a ' s  (1971) n i c h e  w i d t h  e q u a t i o n .  Thus 
n i c h e  w i d t h  c o u l d  be d e t e r m i n e d  f o r  e a c h  s p e c i e s  u s i n g  a l l  
s i t e s  c o m b i n e d ,  f o r  a n y  r e g i o n ,  o r  f o r  an i n d i v i d u a l  s i t e  
a l o n g  s t a n d a r d  and c o m p a r a b l e  a x e s .  D i s t a n c e s  f rom n i c h e  
c e n t e r s  wer e  d e t e r m i n e d  f o r  e a c h  a n a l y s i s  a s  t h e  E u c l i d i a n  
d i s t a n c e  f rom t h e  o r i g i n  t o  t h e  s t a n d a r d i z e d  s p e c i e s '  means .  
Abundance  was a s s e s s e d  a s  t h e  f r e q u e n c y  o c c u r r e n c e  o f  s p e c i e s  
i n  t h e  g r i d s .  The v a l u e s  f o r  n i c h e  w i d t h ,  f r e q u e n c y  
o c c u r r e n c e ,  and d i s t a n c e s  f r om  n i c h e  c e n t e r s  o f  s p e c i e s  were  
t h e n  c om pa r ed  u s i n g  a d i a g r a m a t i c  s cheme  g e n e r a t e d  by S h u g a r t  
and  P a t t e n  (1974) t o  e v a l u a t e  p a t t e r n s  i n  co mmu n i t y  s t r u c t u r e  
f o r  g r a s s l a n d  b i r d  c o m m u n i t i e s .
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RESULTS
T a b l e  2 g i v e s  t h e  F - v a l u e s  f o r  e n t e r i n g  t h e  h a b i t a t  
v a r i a b l e s  i n  a s t e p - w i s e  manner  o f  s e v e r a l  a n a l y s e s ,  i n  t h e  
f i r s t  c a s e ,  f o r  a l l  o b s e r v a t i o n s  combined  a c r o s s  a l l  r e g i o n s ,  
GRASS was t h e  b e s t  d i s c r i m i n a t o r  among s p e c i e s '  h a b i t a t s .
VEGHT and FORB a l s o  had h i g h  F - v a l u a s  f o r  e n t e r i n g ,  and a d d e d  
t o  t h e  d i s c r i m i n a t i n g  p o w e r .  I n  c o m b i n a t i o n ,  GRASS and FORB 
w e r e  a l s o  t h e  b e s t  d i s c r i m i n a t o r s  f o r  t h e  Oklahoma g r a s s l a n d s ,  
b u t  VEGHT was r e p l a c e d  by a c o r r e l a t e d  c o u n t e r p a r t — HAXHT. 
GRASS and VEGHT were  a l s o  i m p o r t a n t  i n  s o u t h e r n  T e x a s  s i t e s ,  
b u t  HALFHT, i n  c o m b i n a t i o n  w i t h  GRASS and VEGHT, was t h e  n e x t  
b e s t  d i s c r i m i n a t o r .  Whi le  t h e  low d i s c r i m i n a t o r y  power  o f  
HALFHT i n  t h e  c o m b i n e d  a n d  Oklahoma a n a l y s i s  may a p p e a r  
p a r a d o x i c a l ,  t h e  F - v a l u e  f o r  e n t e r i n g  HALFHT a t  t h e  f i r s t  s t e p  
was 3 5 1 . 1  and  4 1 6 . 2 ,  r e s p e c t i v e l y  ( T a b l e  2 ) .  HALFHT was 
c o r r e l a t e d  w i t h  o t h e r  v a r i a b l e s ,  which once  e n t e r e d ,  r e d u c e d  
t h e  a b i l i t y  o f  HALFHT t o  d i s c r i m i n a t e  f u r t h e r  among g r o u p s .
For  s p e c i e s  h a b i t a t s  i n  w e s t e r n  T e x a s  g r a s s l a n d s ,  DENS25, 
LITDEP and LITCOV, i n  c o m b i n a t i o n ,  were  t h e  mos t  i m p o r t a n t  
v a r i a b l e s .
F i g u r e  2 i l l u s t r a t e s  a n  o r d i n a t i o n  f o r  a l l  s p e c i e s  
o b s e r v a t i o n s  b a s e d  on t h e  f i r s t  two d i s c r i m i n a n t  a x e s .  A 
g r a d i e n t  o f  i n c r e a s i n g  g r a s s  c o v e r  o c c u r s  f r o m low t o  h i g h  
v a l u e s  a l o n g  t h e  f i r s t  a x i s .  High v a l u e s  on t h i s  a x i s  
r e p r e s e n t  t a l l e r ,  l i g h t l y  g r a z e d  g r a s s l a n d s ,  w h i l e  low v a l u e s  
i n d i c a t e  low v e g e t a t i o n  d e n s i t y  a t  t h e  15-cm h e i g h t  i n t e r v a l .  
The p o i n t  shown f o r  a s p e c i e s  i s  rhe  mean f o r  a l l  o b s e r v a t i o n s
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o f  t h a t  s p e c i e s .  O b s e r v a t i o n s  o f  L e C o n t e ’ s  S p a r r o w s  an d ,  t o  a 
l e s s e r  e x t e n t .  G r a s s h o p p e r  S p a r r o w s ,  a r e  s p r e a d  a l o n g  t h e  
s e c o n d  a x i s ,  l e s s  s o  on t h e  f i r s t  ( F i g .  3 ) .  O b s e r v a t i o n s  o f  
Horned L a r k s ,  L a p l a n d  L o n g s p u r s  and S m i t h ’ s  L o n g s p u r s  e x h i b i t  
r e s t r i c t i v e  d i s p e r s i o n  on  t h e  h a b i t a t  a x e s  ( F i g .  3 ) .  However ,  
Sav an n ah  S p a r r o w s  an d  E a s t e r n  Mead owl ar ks  e x h i b i t  c o n s i d e r a b l e  
d i s p e r s i o n  a c r o s s  t h e  e n t i r e  s p e c t r u m  o f  h a b i t a t s  s a m p l e d .
None o f  t h e  s p e c i e s  o v e r l a p p e d  s i g n i f i c a n t l y  (HANOVA, £ > 0 . 0 5 ) .
F i g u r e  U s hows  r e s u l t s  o f  a PCA a n a l y s i s  u s i n g  t h e  same 
d a t a .  T a b l e  3 g i v e s  c o m p o n e n t  l o a d i n g s  o f  t h e  v e g e t a t i o n  
v a r i a b l e s .  The f i r s t  a x i s  a c c o u n t s  f o r  70% of  t h e  t o t a l  
v a r i a t i o n ;  t h e  s e c o n d  f o r  an  a d d i t i o n a l  17%. The f i r s t  a x i s  
o f  t h e  PCA i s  o ne  o f  i n c r e a s i n g  v e g e t a t i o n  h e i g h t  and  d e n s i t y :  
t h e  s e c o n d  i s  one  one o f  i n c r e a s i n g  l i t t e r  d e p t h  and 
d e c r e a s i n g  f o r b  c o v e r .  Ho rn ed  L a r k s  and L a p l a n d  L o n g s p u r s ,  
s i m i l a r  i n  t h e  low amount  o f  GRASS i n  t h e i r  h a b i t a t  ( F i g .  2 ,  
a x i s  I ) , d i f f e r  n o t a b l y  i n  t h e  amount  of  f o r b  c o v e r  ( F i g .  4 ,  
c om ponen t  I I )  .
F i g u r e  5 shows  t h e  r e s u l t s  o f  a PCA f o r  e a c h  s p e c i e s  by 
s i t e ,  and  a l s o  shows t h e  p o s i t i o n s  o f  t h e  s i t e s  r e l a t i v e  t o  
t h e  s p e c i e s .  I n  t h i s  way we can  c omp ar e  and e v a l u a t e  s p e c i e s  
u s e  p a t t e r n s  r e l a t i v e  t o  e a c h  o t h e r  and t h e  s i t e  means .  
O b s e r v a t i o n s  f o r  t h e  two s e a s o n s  on two Oklahoma s i t e s  a r e  
s e p a r a t e d  ( l a  and b ,  and 2a and b ) . The f i r s t  a x i s  i s  
s i m i l a r  t o  t h a t  i n  F i g .  5 ;  t h e  s e c o n d  i s  one of  i n c r e a s i n g  
l i t t e r  d e p t h  and c o v e r .
S a v a n n a h  S p a r r o w s  a n d  E a s t e r n  M e a d c w l a r k s  a r e  s c a t r e r r e d
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a c r o s s  t h e  d i a g r a m .  They o c c u r  on e i g h t  and  s e v e n  o f  t h e  
s i t e s ,  r e s p e c t i v e l y ,  i n  a v a r i e t y  o f  h a b i t a t  c o n d i t i o n s .
V es p e r  S p a r r o w s  on t h e  l i g h t l y  g r a z e d  g r a s s l a n d  i n  s o u t h e r n  
T e x a s  (LG-5TEX) a r e  q u i t e  d e v i a n t  f rom t h e  t h e  s i t e  mean and  
o t h e r  s p e c i e s  a t  t h a t  s i t e .  L e C o n t e ’ s  Sp a r ro w o c c u r s  i n  t h e  
t a l l e r  g r a s s l a n d s ;  t h e  t h r e e  p o i n t s  f o r  t h e  s p e c i e s  a r e  v e r y  
c l o s e  t o  e a c h  o t h e r  ( F i g .  5 ) .  The two p o i n t s  f o r  Horned  Lark  
a r e  c l o s e  t o  e a c h  o t h e r ,  a s  a r e  t h o s e  o f  S m i t h ’ s  L o n g s p u r ,
The t h r e e  p o i n t s  f o r  C h e s t n u t - c o l l a r e d  L o n g s p u r  a r e  a l s o  v e r y  
s i m i l a r .  T h u s ,  t h e s e  l a t t e r  f o u r  s p e c i e s  show r e s t r i c t i v e  
h a b i t a t  u s e  e v e n  t h o u g h  t h e y  o c c u r  on s e v e r a l  s i t e s .
The d i f f e r e n c e s  t h a t  o c c u r r e d  b e t w e e n  s e a s o n s  can  be s e e n  
i n  F i g ,  5 ,  On o ne  s i t e ,  a d r a m a t i c  c h a n g e  i n  h a b i t a t  o c c u r r e d  
b e t w e e n  t h e  w i n t e r s  o f  1 9 7 5 - 7 6  and 1 9 7 6 - 7 7 ,  f ro m a l i g h t l y  
g r a z e d  g r a s s l a n d  (LG-0K[1a] )  t o  a m o d e r a t e l y  g r a z e d  g r a s s l a n d  
( H G- 0K [ 1b ] ) ,  O n l y  S avann ah  S p a r r o w s  and E a s t e r m  H e a d o w l a r k s  
we r e  p r e s e n t  on t h i s  s i t e  t h e  s e c o n d  s e a s o n .  I n  t h e  c a s e  o f  a 
h e a v i l y  g r a z e d  g r a s s l a n d ,  t h e  c h a n g e  i n  t h e  v e g e t a t i o n  f o r  t h e  
s i t e  means and s p e c i e s  means  be tween  t h e  1 9 75 - 76  s e a s o n  (HG- 
0K[ 2a ] )  a n d  t h e  1976- 77  s e a s o n  (HG-0K[2bJ)  i s  r e p r e s e n t e d  by 
c h a n g e s  a l o n g  t h e  f i r s t  p r i n c i p a l  c o m p o n e n t  a x i s .
S p e c i e s  a p p e a r  t o  a v o i d  t h e  h i g h e r  v e g e t a t i o n  h e i g h t s  and 
d e n s i t i e s .  E x c e p t  f o r  L e C o n t e ’ s  S p a r r o w ,  s p e c i e s  o c c u p y i n g  
L G - O K ( l a ) ,  MG-OK, and HG-0K(2a and 2b) o c c u r  a t  v e g e t a t i o n  
h e i g h t s ,  d e n s i t i e s ,  and  l i t t e r  d e p t h s  l o w e r  t h a n  t h e  s i t e  
mea n.
Ni ch e  width  e s t i m a t e s  o f  g r a s s l a n d  b i r d s  based  on t h e
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f i r s t  two PCA a x i s  ( a c c o u n t i n g  f o r  t h e  g r e a t e s t  amount  o f  s i t e  
v a r i a t i o n )  a r e  g i v e n  i n  T a b l e  4 .  S i n c e  c o m p o n e n t  I  a c c o u n t s  
f o r  70S o f  t h e  t o t a l  v a r i a t i o n  a t  a l l  s i t e s ,  n i c h e  w i d t h s  can  
be  compared  u s i n g  t h i s  s i n g l e  a x i s .  F or  a l l  s i t e s  c o m b i n e d .  
E a s t e r n  H e a d o w l a r k s  and  S a v a n n a h  S p a r r o w s  show t h e  b r o a d e s t  
n i c h e  w i d t h s .  The n i c h e  w i d t h s  o f  o t h e r  s p e c i e s  a r e  
i n t e r m e d i a t e  t o  low by c o m p a r i s o n .  The W e s t e r n  Meadowl arx  h a s  
a r e l a t i v e l y  low n i c h e  w i d t h .  T h i s  s p e c i e s  was n o t  common i n  
t h e  o p e n  g r a s s l a n d  h a b i t a t s  s a m p l e d .  V e s p e r  S p a r r o w s  o c c u r r e d  
on o n l y  a v e r y  r e s t r i c t i v e  p o r t i o n  o f  t h e  l i g h t l y  t o  
m o d e r a t e l y  g r a z e d  g r a s s l a n d  s a m p l e d ,  namely  c u t  f i r e  b r e a k s .  
I t s  n i c h e  w i d t h  i s  a l s o  l o w .  S p r a g u e ’s P i p i t s  an d  G r a s s h o p p e r  
S p a r r o w s  wer e  p r e s e n t  i n  s o u t h e r n  T e x a s ,  b u t  uncommon.  T h e i r  
n i c h e  w i d t h s  a r e  r e l a t i v e l y  l o w e r  t h a n  o t h e r  s p e c i e s .
I n  Ok l ahoma ,  E a s t e r n  H e a d o w l a r k s  and  S a v a n n a h  S p a r r o w s  
show much b r o a d e r  n i c h e  w i d t h s  t h a n  o t h e r  s p e c i e s .  The 
L e C o n t e ’ s  S p a r r o w  had s l i g h t l y  l o w e r  n i c h e  w i d t h  t h a n  t h e  r e s t  
o f  t h e  s p e c i e s  i n  Ok l ahoma ,  o c c u p y i n g  d e n s e  and t a l l  l i g h t l y  
g r a z e d  g r a s s l a n d s .  The L a p l a n d  L o n g s p u r  a l s o  had a v e r y  
n a r r o w  n i c h e  w i d t h ,  b e i n g  r e s t r i c t e d  t o  c u l t i v a t e d  f i e l d s .
In  s o u t h e r n  T e x a s ,  S a v a n n a h  S p a r r o w s  and  E a s t e r n  
H e a d o w l a r k s  a l s o  had  t h e  h i g h e s t  n i c h e  w i d t h s ;  V e s p e r  S p a r r o w  
h a s  t h e  l o w e s t .  G r a s s h o p p e r  and  L e C o n t e ’ s  s p a r r o w s  had v e r y  
s i m i l a r  n i c h e  w i d t h s ,  L e C o n t e ’ s  S p a r r o w ’ s  v a l u e  was h i g h e r  
t h a n  i n  Oklahoma.
I n  w e s t e r n  T e x a s ,  Horned  L a r k s  show t h e  b r o a d e s t  n i c h e  
w i d t h .  I t  was t h e  mos t  a b u n d a n t  s p e c i e s .  The E a s t e r n
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Meadowla rk  was r a r e  i n  w e s t e r n  T e x a s .  I z  h a s  a v e r y  low n i c h e  
w i d t h  v a l u e .  W e s t e r n  M eado wl ar k  a l s o  h a s  a low n i c h e  w i d t h  
v a l u e ,  an u n e x p e c t e d  r e s u l t  c o n s i d e r i n g  t h e  d i s t r i b u t i o n a l  
r a n g e  o f  t h i s  s p e c i e s .  But  w e s t e r n  H e a d o w l a r k s  were uncommon 
i n  open g r a s s l a n d  comp ar ed  t o  a d j a c e n t  a r e a s  w i t h  s h r u b s ,  o r  
a l o n g  r o a d s i d e s .  S p r a g u e ’ s  P i p i t  and  L e c o n t e ' s  S p a r ro w b o t h  
had  v e r y  low n i c h e  v a l u e s  i n  w e s t e r n  T e x a s .  Bo t h  were r a r e .  
L e C o n t e ’ s  S p a r r o w  i s  a t  t h e  v e r y  ed ge  o f  i t s  d i s t r i b u t i o n a l  
r a n g e .
T a b l e  5 show-s t h e  d i s t a n c e s  f rom t h e  n i c h e  c e n t e r  
c a l c u l a t e d  f rom t h e  f i r s t  two p r i n c i p a l  c o m p o n e n t s  f o r  e a c h  
g r o u p  o f  d a t a .  F i g u r e  5A g i v e s  t h e  d i s t r i b u t i o n  of  s p e c i e s  
a l o n g  a x e s  o f  n i c h e  w i d t h ,  d i s t a n c e  f r o m t h e  r e g i o n a l  n i c h e  
c e n t e r ,  and a b u n d a n c e .  The p o i n t s  f o r  two s p e c i e s  h a v i n g  
b r o a d  n i c h e s — E a s t e r n  Meadowl ark  and S a v a nn a h  S p a r r o w — a r e  
l o c a t e d  c l o s e  t o  t h e  n i c h e  c e n t e r ;  t h e s e  s p e c i e s  a r e  common. 
H o s t  o t h e r  s p e c i e s  h a v e  i n t e r m e d i a t e  o r  low n i c h e  w i d t h s .  One 
s p e c i e s ,  t h e  L a p l a n d  L o n g s p u r ,  s t a n d s  o u t .  Even t h o u g h  t h i s  
l o n g s p u r ’ s  n i c h e  w i d t h  i s  r e l a t i v e l y  n a r r ow  com pa r ed  t o  o t h e r  
s p e c i e s ,  a nd  i t  i s  l o c a t e d  f a r  from t h e  r e g i o n a l  n i c h e  c e n t e r ,  
i t  i s  v e r y  a b u n d a n t .  L a p l a n d  L o n g s p u r  o c c u r s  a l m o s t  
e x c l u s i v e l y  on c u l t i v a t e d  s i t e s  i n  c e n t r a l  Oklahoma.  S q u a l l y  
d i s t a n t  f rom t h e  n i c h e  c e n t e r ,  b u t  w i t h  a r e l a t i v e l y  b r o a d e r  
n i c h e  t h a n  t h e  L a p l a n d  L o n g s p u r ,  i s  t h e  Horned L a r k .  I t  t o o  
o c c u p i e s  o p e n  h a b i t a t  i n  h i g h  n u mb e r s .  Two o t h e r  s p e c i e s .  
G r a s s h o p p e r  and L e C o n t e ' s  s p a r r o w s ,  a l s o  o c c u r  r e l a t i v e l y  f a r  
f r o m  t h e  n i c h e  c e n t e r  ( F i g .  6 A ) . Bo t h  t h e s e  s p a r r o w s  o c c u p y
GRASSLAND BIRD HABITAT RELATIONS 117
t h e  t a l l e s t  and d e n s e s t  h a b i t a t s .  I n  c o n t r a s t  t o  Horned L a r k  
and  L a p l a n d  L o n g s p u r ,  h o w e v e r ,  t h e y  o c c u r  i n  low n um be r s .
Two s p e c i e s  w i t h  i n t e r m e d i a t e  n i c h e  w i d t h s  were  g e n e r a l l y  
s i m i l a r  i n  t h i s  a n a l y s i s — S m i t h ' s  an d  C h e s t n u t - c o l l a r e d  
l o n g s p u r s .  S m i t h ' s  L o n g s p u r s  o c c u p i e d  a s l i g h t l y  b r o a d e r  
n i c h e  and  was g e n e r a l l y  more a b u n d a n t ,  b u t  t h e  two a r e  s i m i l a r  
i n  t h e i r  p o s i t i o n s  i n  n i c h e  a t t r i b u t e s .
The Wes te rn  Meadowlark  o c c u r s  f a i r l y  c l o s e  t o  t h e  n i c h e  
c e n t e r  and h as  an i n t e r m e d i a t e  n i c h e  w i d t h ,  b u t  was r a r e .  The 
S p r a g u e ' s  P i p i t  o c c u r r e d  p r i m a r i l y  i n  s o u t h e r n  T e x a s ,  was 
uncommon a nd  was somewhat  s p e c i a l i z e d  i n  i t s  h a b i t a t  
p r e f e r e n c e .  V e s p e r  S p a r r o w s  had  t h e  n a r r o w e s t  n i c h e  b r e a d t h  
and was uncommon. I t  was r e c o r d e d  on o n l y  one s i t e  an d  t h e n  
o n l y  a l o n g  c u t  f i r e b r e a k s .
S h u g a r t  and  P a t t e n ' s  (197%) g r a p h i c  r e p r e s e n t a t i o n  can  be 
u s e d  t o  compar e  p a t t e r n s  among r e g i o n s .  I n  Okl ahoma,  Horned 
L a r k s  were  n o t  a s  a b u n d a n t  ( F i g .  6 B ) . O t h e r w i s e ,  s p e c i e s  show 
s i m i l a r  a t t r i b u t e s  a s  i n  F i g .  6 A. F o r  t h e  s o u t h e r n  Te x as  
r e g i o n  ( F i g .  6 C ) , s e v e r a l  s h i f t s  among s p e c i e s  o c c u r .
L e C o n t e ' s  and  G r a s s h o p p e r  s p a r r o w s  show b r o a d e r  n i c h e s .
E a s t e r n  H e a d o w l a r k s  and  S a v a n n a h  S p a r r o w s  a r e  l o c a t e d  f u r t h e r  
away f rom t h e  n i c h e  c e n t e r  t h a n  i n  o t h e r  r e g i o n s .  The 
p a t t e r n s  i n  w e s t e r n  T e x a s  ( F i g .  5D) i n d i c a t e  t h e  n u m e r i c a l  
d o m i n a nc e  o f  Horned L a r k s ,  a n d  t h e  g e n e r a l  l a c k  o f  o t h e r  
s p e c i e s .  T h i s  r e f l e c t s  t h e  low u t i l i z a t i o n  o f  much a v a i l a b l e  
h a b i t a t  i n  t h i s  r e g i o n .  The s p e c i e s  p r e s e n t  h av e  n a r ro w n i c h e  
w i d t h s .
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DISCUSSION
Cody (1960) showed s e v e r a l  p a t t e r n s  o f  h a b i t a t  s e p a r a t i o n  
f o r  s p e c i e s  i n  summer.  I n  l i g h t l y  g r a z e d  t a l l  g r a s s  p r a i r i e ,  
s p e c i e s  showed s e p a r a t i o n  on t h e  b a s i s  o f  v e g e t a t i o n  h e i g h t ,  
b u t  on s h o r t - g r a s s  p l a i n s ,  t h e r e  was c o n s i d e r a b l e  h a b i t a t  
o v e r l a p  among t h e  s p e c i e s .  U n l i k e  C o d y ' s  s t u d y ,  my r e s u l t s  
i n d i c a t e  t h a t  few s p e c i e s  o c c u p y  s h o r t - g r a s s  h a b i t a t s  i n  
w e s t e r n  T e x a s .  The s p e c i e s  t h a t  o c c u r r e d  were  r a r e ,  and  some 
w er e  more a b u n d a n t  i n  a d j a c e n t  h a b i t a t s  ( i . e . .  Wes te rn  
M e a d o w l a r k s ) . McCown's L o n g s p u r s  w er e  e x p e c t e d  t o  c o - o c c u p y  
h a b i t a t s  i n  w e s t e r n  T e x a s  w i t h  Horned L a r k s ,  b u t  t h e  f o r m e r  
were  r a r e  a t  my s t u d y  s i t e  ( Gr zy bows k i  1 9 8 0 a ) , o c c u r r i n g  i n  
h e a v i l y  g r a z e d  a r e a s ,  B a i r d ' s  S p a r r o w s  were p r e s e n t  i n  low 
n u m b e r s .  They were o b s e r v e d  i n  o n l y  one  o f  t h r e e  w i n t e r s  a t  
t h e  w e s t e r n  Te xas  s i t e s  ( Gr zy bows k i  1 9 8 0 a ) ,  and  o c c u r r e d  on 
t h e  l i g h t l y  g r a z e d  a r e a s .  C h e s t n u t - c o l l a r e d  L o n g s p u r s  were 
p r e s e n t  i n  w e s t e r n  T e x a s ,  y e t  wer e  e n c o u n t e r e d  p r i m a r i l y  when 
t h e y  came t o  r o o s t  i n  t h e  l i g h t l y  g r a z e d  p o r t i o n s  o f  t h e  s i t e  
( u n p u b l .  d a t a ) .  Only  a few s c a t t e r e d  i n d i v i d u a l s  were  l o c a t e d  
d u r i n g  t h e  day i n  l i g h t l y  g r a z e d  g r a s s l a n d s .
P u l l i a m  and M i l l s  (1977) f ound  C h e s t n u t - c o l l a r e d  
L o n g s p u r s  and  s e v e r a l  o t h e r  s p e c i e s ,  which  were  n o t  p r e s e n t  on 
t h e  w e s t e r n  T e x a s  s i t e s ,  on s h o r t  g r a s s  p r a i r i e s  i n  
s o u t h e a s t e r n  ' A r i z o n a ,  Horned L a r k s  were  n o t  m e n t i o n e d  by 
P u l l i a m  and  M i l l s .  T h u s ,  some i n t r i n s i c  d i f f e r e n c e s  b e t ween  
t h e s e  r e g i o n s  i n  s p e c i e s  c o m p o s i t i o n  a r e  e v i d e n t .  The s t u d y  
s i t e s  i n  w e s t e r n  T e x a s  may be s u b j e c t e d  t o  more s e v e r e  w e a t h e r
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c o n d i t i o n s  t h a n  i n  s o u t h e a s t e r n  A r i z o n a .  They may a l s o  be 
d i f f e r e n t  f rom A r i z o n a  l o c a l i t i e s  i n  o t h e r  ways.  The low 
number  o f  i n d i v i d u a l s  i s  b e s t  e x p l a i n e d  by t h e  low s e e d  
a v a i a b i l i t y  i n  l i g h t l y  g r a z e d  a r e a s  ( Grzybows ki  1 98 0 b ) .  The 
d o m i n a n t  g r a s s e s  were s p e c i e s  o f  S p o r o b o l u s . T h i s  g r o u p  h a s  
v e r y  s m a l l  s e e d s  which may be t o o  s m a l l  f o r  g r a s s l a n d  b i r d s  t o  
e x p l o i t  e f f e c t i v e l y .
W e s t e r n  M ea do wl a r ks  were r a r e  a n d  u s u a l l y  s o l i t a r y  i n  
o p e n  g r a s s l a n d s  i n  w e s t e r n  T e x a s  d u r i n g  w i n t e r .  They were  
e n c o u n t e r e d  i n  a d j a c e n t  a r e a s  ( o f t e n  i n  g r o u p s )  where  some 
s h r u b  c o v e r  was p r e s e n t  ( u n p u b l .  d a t a ) .  I t  a p p e a r s  t h a t  open 
g r a s s l a n d s  a r e  n o t  p r e f e r r e d  h a b i t a t s  o f  t h i s  s p e c i e s  i n  t h e  
w i n t e r .
E a s t e r n  M e a d ow l a r ks  were  more o f t e n  e n c o u n t e r e d  t h a n  
W e s t e r n  Me ado wl a r ks  i n  open  g r a s s l a n d  i n  Oklahoma a n d  s o u t h e r n  
T e x a s .  However ,  E a s t e r n  M e a d ow l a r ks  were a l s o  more common i n  
a d j a c e n t  s h r u b b y  a r e a s  ( u n p u b l .  d a t a ) . They may have  b e e n  
e n c o u n t e r e d  more o f t e n  i n  o p e n  g r a s s l a n d  i n  Oklahoma and  
s o u t h e r n  T e x a s  t h a n  i n  w e s t e r n  T ex as  b e c a u s e  o f  i n t r i n s i c  
d i f f e r e n c e s  i n  t h e  r e g i o n s .  Any p o i n t  i n  a n  open  g r a s s l a n d  i n  
Oklahoma and s o u t h e r n  T e x a s  was g e n e r a l l y  n e a r e r  t o  some s h r u b  
c o v e r  b e c a u s e  o f  t h e  i n c r e a s e d  i n t e r s p e r s i o n  of  woody h a b i t a t s  
i n  t h e s e  r e g i o n s  a s  o p p o s e d  t o  w e s t e r n  T e x a s .
The V e s p e r  Sp a r ro w showed a v e r y  r e s t r i c t e d  n i c h e .  I t s  
h a b i t a t  i n  s o u t h e r n  T e x a s  a p p e a r s  c o n s i s t e n t  w i t h  t h a t  n o t e d  
by P u l l i a m  and M i l l s  (1977) i n  s o u t h e a s t e r n  A r i z o n a .  T h e s e  
a u t h o r s  f o u n d  V e s p e r  S p a r r o w s  i n  g r a s s l a n d s  c l o s e  t o  c o v e r .
GRASSLAND BIRD HABITAT RELATIONS 120
T h i s  h a b i t a t  i s  s t r u c t u r a l /  s i m i l a r  t o  f i r e  b r e a k s  c u t  t h r o u g h  
t a l l  g r a s s  a r e a s  i n  s o u t h e r n  T e x a s .  T h i s  c o m b i n a t i o n  o f  c u t  
a r e a s  an d  t a l l  g r a s s  c o v e r  may l o c a l i z e  t h i s  s p e c i e s '  
d i s p e r s i o n  p a t t e r n .  Miens  (1 969) f o u n d  t h a t  V e s p e r  S p a r r o w s  
p r e f e r r e d  s p a r s e l y  v e g e t a t e d  a r e a s  i n  summer .  The l a r g e  
t e r r i t o r y  s i z e s  o f  t h i s  s p e c i e s  d u r i n g  t h e  b r e e d i n g  s e a s o n  
(Bant  1968) may r e f l e c t  t h e  p a t c h y  u s e  o f  s p e c i f i c  e l e m e n t s  i n  
t h e  h a b i t a t .  T h i s  s p a r r o w  was u n u s u a l  among t h e  s p e c i e s  
e n c o u n t e r e d  i n  my s t u d y  i n  b e i n g  r e l a t i v e l y  c l o s e  t o  t h e  n i c h e  
c e n t e r ,  y e t  h a v i n g  a n a r r o w  n i c h e  and  b e i n g  uncommon.
S h u g a r t  and  P a t t e n ' s  (197%) i n t e r p r e t a t i o n s  o f  n i c h e  
p a t t e r n s  a r e  n o t  a l w a y s  c o n s i s t e n t  w i t h  r e s u l t s  i n  my s t u d y .  
They  i n d i c a t e d  t h a t  a s p e c i e s  o c c u p y i n g  a p o s i t i o n  s i m i l a r  t o  
V e s p e r  S p a r r o w s  would h a v e  a n a r r o w  n i c h e ,  w o u l d  be w e l l  
a d a p t e d  t o  t h e  r e g i o n ,  a n d  s h o u l d  be h i g h l y  m o b i l e .  V e s p e r  
S p a r r o w s  do n o t  p o s s e s s  t h i s  l a t t e r  a t t r i b u t e .  S p e c i e s  
o c c u p y i n g  a p o s i t i o n  s i m i l a r  t o  L a p l a n d  L o n g s p u r  were  
p r e d i c t e d  t o  o c c u p y  s t a b l e  h a b i t a t s  t h a t  p e r s i s t  o v e r  l o n g  
p e r i o d s  o f  t i m e .  Y e t ,  t h e  c u l t i v a t e d  s i t e s  a r e  o f  r e c e n t  
o r i g i n .  Abundance  o f  l o n g p s u r s  on t h e s e  s i t e s  i s  d e p e n d e n t  on 
t h e  p r e v i o u s  c r o p .  I n  c e n t r a l  Oklahoma,  L a p l a n d  L o n g s p u r s  
w e r e  mos t  r e a d i l y  f o u n d  i n  a r e a s  p r e v i o u s l y  p l a n t e d  i n  
s o r gh u m.  L o n g s p u r s  a r e  h i g h l y  m o b i l e .  Abundance  d i d  c h a n g e  
c o n s i d e r a b l y  o v e r  t h e  c o u r s e  o f  t h e  s e a s o n  ( u n p u b l .  d a t a )  .
S h u g a r t  and  p a t t e n  (197%) a l s o  i n d i c a t e d  t h a t  s p e c i e s  
o c c u p y i n g  p o s i t i o n s  s i m i l a r  t o  Horned L a r k s  i n  w e s t e r n  T e x a s  
s h o u l d  be p o o r l y  a d a p t e d  t o  t h e  r e g i o n  and  be h i g h l y  m o b i l e .
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Horned L a r k s  d o m i n a t e d  t h e  r e g i o n .
A n o t h e r  c o n s i d e r a t i o n  i n  t h e  u s e  o f  S h u g a r t  and P a t t e n ' s  
n i c h e  d i a g r a m  i s  t h e  r e l a t i v e  a b u n d a n c e  o f  h a b i t a t s .  The 
o b j e c t i v e  i n  my s t u d y  was t o  r e p r e s e n t  t h e  s p e c t r u m  o f  
h a b i t a t s  a v a i l a b l e ,  A s p e c i e s '  d i s t a n c e  f rom t h e  r e g i o n a l  
n i c h e  c e n t e r  i s  t h u s  d e p e n d e n t  on t h e  h a b i t a t  t y p e s  i n  t h e  
r e g i o n .  Horned L a r k s  i n  w e s t e r n  T e x a s  and L a p l a n d  L o n g s p u r s  
i n  c e n t r a l  Oklahoma o c c u p i e d  v e r y  a b u n d a n t  h a b i t a t  t y p e s .  I f  
c o n s i d e r a t i o n  was  g i v e n  t o  a b u n d a n c e  o f  h a b i t a t  t y p e s .  Horned 
L a r k s  an d  L a p l a n d  L o n g p s u r s  wo ul d  be r e p r e s e n t e d  a s  c l o s e r  t o  
t h e  n i c h e  c e n t e r s ,  w h i l e  L e C o n t e ' s  a n d  G r a s s h o p p e r  s p a r r o w s  
would move f a r t h e r  f rom t h e  n i c h e  c e n t e r .
The p a u c i t y  i n  u s e  o f  t a l l e r  and  d e n s e r  g r a s s l a n d  
h a b i t a t s  i n  Oklahoma and w e s t e r n  T e x a s  may be r e l a t e d  t o  s e e d  
a b u n d a n c e .  I t  was l o w e r  on l i g h t l y  g r a z e d  g r a s s l a n d s  t h a n  on 
h e a v i l y  g r a z e d  g r a s s l a n d s  ( Gr z y b o ws k i  1 9 8 0 b ) ;  e s t i m a t e s  o f  
b i r d  b i o m a s s  wer e  a l s o  l o w e r  i n  l i g h t l y  g r a z e d  g r a s s l a n d s .  
T h e s e  t a l l e r  h a b i t a t s  a p p e a r  t o  be s e e d - s p a r s e  w i t h  few b i r d  
s p e c i e s ,  which  a r e  r a r e  o r  uncommon.
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F i g .  1. L o c a t i o n s  o f  t h e  s t u d y  s i t e s  i n  Oklahoma and  T e x a s .
F i g .  2 .  T w o - d i m e n s i o n a l  o r d i n a t i o n  o f  s p e c i e s  u s i n g  t h e  f i r s t  
and  s e c o n d  d i s c r i m i n a n t  f u n c t i o n  a x e s .  The f i r s t  a x i s  
r e p r e s e n t s  a g r a d i e n t  o f  i n c r e a s i n g  g r a s s  c o v e r .  High 
v a l u e s  on t h e  s e c o n d  a x i s  r e p r e s e n t  t a l l e r ,  l i g h t l y  
g r a z e d  g r a s s l a n d s .  C L = C h e s t n u t - c o l l a r e d  L o n g s p u r ;  
E H= Fa s te rn  H e a d o w l a r k ;  G S = G r a s s h o p p e r  S p a r r o w ;  HL=Horned 
L a r k ;  LL=Lapland  L o n g s p u r ;  L S= Le Con te ’ s  S p a r r o w ;  
SS=Savannah  S p a r r o w ;  S L = S m i t h ' s  L o n g s p u r ;  S P = S p r a g u e ' s  
P i p i t ;  7 S= Ve sp e r  S p a r r o w ;  MM=Westsrn Me ad owl a r k .
F i g .  3 .  O r d i n a t i o n  s h o w i n g  d i s p e r s i o n  o f  s p e c i e s  o b s e r v a t i o n s  
a l o n g  t h e  f i r s t  an d  s e c o n d  d i s c r i m i n a n t  f u n c t i o n  a x e s .  
Axes  and  s p e c i e s  s y m b o l s  a s  i n  F i g .  2.
F i g .  4 .  O r d i n a t i o n  o f  s p e c i e s  u s i n g  t h e  f i r s t  and  s e c o n d  
p r i n c i p a l  c o m p o n e n t  a x e s .  The f i r s t  i s  a n  a x i s  o f  
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d e c r e a s i n g  f o r b  c o v e r .  S p e c i e s  s y m b o l s  a s  i n  F i g .  2.
F i g .  5,  P r i n c i p a l  c o m p o n e n t  a n a l y s i s  o f  s p e c i e s  by s i t e .  The 
f i r s t  a x i s  i s  on e  o f  i n c r e a s i n g  v e g e t a t i o n  d e n s i t y  and  
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c l o s e d  c i r c l e .  S p e c i e s  mean p r e f e r e n c e s  f o r  a s i t e  a r e  
e n c l o s e d  by d a s h e d  l i n e s .  S p e c i e s  s y m b o l s  a s  i n  F i g .  2. 
L G = l i g h t l y  g r a z e d  g r a s s l a n d ;  MG=modera te ly  g r a z e d  
g r a s s l a n d ;  HG= h e a v i l y  g r a z e d  g r a s s l a n d ;  C U L = C u l t i v a t e d ; 
OK=Oklahoma; S T E X = s o u t h e r n  T e x a s ;  WT3X=western T e x a s .
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F i g .  6.  N i ch e  d i a g r a m s  f o r  g r a s s l a n d  b i r d  s p e c i e s  a l o n g  a x i s  
o f  n i c h e  w i d t h  (W) ,  d i s t a n c e  f rom n i c h e  c e n t e r  ( D) , and 
a b u n d a n c e  (A); s p e c i e s  o b s e r v a t i o n s  f o r  a l l  s i t e s  (A) 
c o m b i n e d ,  (B) i n  Ok lahoma ,  (C) i n  w e s t e r n  T e x a s ,  a n d  (D) 
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TABLE 1. Summary o f  v e g e t a t i o n  v a r i a b l e s ,  m e a s u re d  o r  d e r i v e d ,  
f o r  e a c h  b l o c k .
T a r i a b l e















A v e r a g e  v e g e t a t i o n  h e i g h t  f ro m  f o u r  p o i n t  
s a m p l e s .
Bazimum o f  f o u r  p o i n t  s a m p l e s .
Binimum o f  f o u r  p o i n t  s a m p l e s .
H e t e r o g e n e i t y  o f  v e g e t a t i o n  h e i g h t  w i t h i n  a 
g r i d  ( f rom  B i e n s  1 9 7 4 ) .
Sum o f  num ber o f  v e g e t a t i o n  c o n t a c t s  made by 
p a s s i n g  a  w i r e  t h r o u g h  v e g e t a t i o n  f o r  30 cm 
f o r  f o u r  p o i n t  s a m p le s  a t  5 cm ( f o r  0 -1 3  cm 
h e i g h t  i n t e r v a l ) .
Same a s  DEBS5 a t  15 cm.
Same a s  DEHSS a t  25 cm.
Sum o f  d e n s i t i e s  f o r  a l l  h e i g h t  i n t e r v a l s .  
H e i g h t  i n t e r v a l  a t  w h ich  t h e  (COHSB/2)th 
v e g e t a t i o n  c o n t a c t  was r e c o r d e d .
T a l l e s t  h e i g h t  i n t e r v a l  a t  w h ic h  v e g e t a t i o n  
d e n s i t y  was e q u a l  t o  o r  g r e a t e r  t h a n  8 ( i . e . , 
an a v e r a g e  o f  tw o  v e g e t a t i o n  c o n t a c t s  pec  
p o i n t  s a m p l e ) .
L i t t e r  d e p t h  i n  c e n t i m e t e r s .
P e r c e n t  l i t t e r  c o v e r  a s  25 t i m e s  num ber o f  
p o i n t  s a m p l e s  w i t h  l i t t e r .
P e r c e n t  g r a s s  c o v e r  a s  25 t i m e s  num ber of  
p o i n t  s a m p le s  w i th  g r a s s  c o v e r .
P e r c e n t  f o r b  c o v e r  a s  25  t i m e s  number o f  
p o i n t  s a m p le s  w i t h  f o r b  c o v e r .
TABLE 2. F-values o f  vege ta t ion  va r ia b le s  for the combined, Oklahoma, southern 
Texas, and western Texas analyses .
Combined Oklahoma





VEGHT 290.4 874.3 12.8 938.3 89.9 89.8 — — 26.6
HAXHT 25.9 754.3 224.2 819.6 —— 58.4 — — 20.8
MINHT 10.5 537.7 13.5 559.1 — — 29. 1 — — 14.2
HETIN 8.7 33. 1 17.3 54.8 —— 7.9 — — 0.0
DENS 5 55.2 804.1 54.7 817.5 —— 3 .7 —  — 34.1
DENS15 16.6 539.4 9.0 450.1 — — 31.5 12.3 48.7
DENS25 11.9 329.8 8.0 239.8 - - 40.7 59.5 59.5
CONSH 36.8 827,2 44.8 754.5 — — 32.1 — — 42.7
HALFHT 7.5 351.1 26.7 416.2 17.4 70.8 —— 13.6
EFHT 8.6 621.9 5 .3 529.8 5.2 34.6 — — 50.1
LITDEP 76.4 106.0 67.6 33.5 —— 4.6 22.3 32.3
LITCOV 30.0 109.3 9.3 44.1 ---- 7.7 33.6 32.3
GRASS 1,235.7 1 ,235.7 1,261.9 1,26 1.9 30.1 47.8 5.5 11.7
FORB 108.1 89.5 91.1 143.6 12.4 28.1 — — 5.8
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TABLE 3. Loadings foc vegetat ion  va r ia b le s  on the f i r s t  
tvo p r in c ip a l  component axes .
Component
Variable I II
VEGHT 0.967 -0 .108
HAXHT 0.964 -0.362
MINHT 0.933 -0.253
HETIN -0 .525 0.753








GRASS 0.535 -0 .486
FORB 0.337 -0.817
P e r c e n t
t o t a l  var ia t ion  70.0 16.6
explained
TABLE 4. Niche width e s t im a tes  foc grassland birds based on the f i r s t  p r in c ip a l  
component a x i s .
Niche width
Species Combined Oklahoma Southern Texas Western Texas
Horned Lark 0,087 0 .075 — — 0.114
Sprague's P ip i t 0 .049 — — 0.068 (0.009)
Eastern Meadowlark 0.159 0.155 0.112 0.002
Hestarn Meadowlark 0.062 — — — — 0.012
Savannah Sparrow 0. 142 0 .145 0.112 — —
Grasshopper Sparrow 0.048 — — 0.082 — —
L econte 's  Sparrow 0.070 0.050 0.084 (0.007) ^
Vesper Sparrow 0.035 -  - 0.026 ——
Lapland Longspur 0.063 0.041 ——
Smith's Longspur 0.091 0.089 — — ——
C hestnut-co l lared  Longspur 0.074 0 .057 — — — —
Wo\
p r e s e n t  in  low numbers i n  November.
TABLE 5. D istance from re g io n a l  niche c e n ter s  o f  grassland b ird s  fo r  the  
combined, Oklahoma, southern Texas, and western Texas ana lyses .
Spec ies
Distance from niche cen ter  
Combined Oklahoma Southern Texas Restern Texas
Horned Lark 1.397 1.183 -  - 1.475
Sprague* s  P ip i t 0.392 — — 0.979
31
(0.624)
Eastern Meadowlark 0.235 0.458 0.922 0.561
Western Meadowlark 0.392 — — — 0.325
Savannah Sparrow 0.455 0.441 0.745 —' —
Grasshopper Sparrow 1.116 — — 1.003
L econ te 's  Sparrow 1.076 1.171 0.828 (0.898)
Vesper Sparrow 0.675 0.421 — —
Lapland Longspur 1.574 1.294 —— — —
Smith's Longspur 0.665 0.481 —— — —
C hestnut-co l lared  Longspur 0.486 0 .617 — — — —
a
CO
p r e s e n t  in  low numbers in  November.
